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The term, " e c o lo g ic a l  n iche" i s  commonly d e f in ed  by e c o l o g i s t s  
as the r o l e  o f  the organism in  the ecosystem . E lto n  (1 9 3 9 ) ,  in  1927,  
was the f i r s t  to use "niche" in  t h i s  f u n c t io n a l  s e n s e .  Cause (1 9 3 4 ) ,  
working w ith  p ro to zo a ,  had shown th a t  two c l o s e l y  r e la t e d  s p e c ie s  can­
n ot occupy the same c u l t u r e .  This led  to the c o m p e t i t iv e  e x c lu s io n  
p r i n c i p l e ,  w hich , put in to  i t s  s im p le s t  form, s t a t e s  th a t  "Complete 
co m p etito rs  cannot c o e x is t "  (Hardin, 19 6 0 ).  This im p l ie s  th a t  two 
s p e c i e s  cannot occupy the same e c o lo g i c a l  n ic h e .  To do so would r e ­
s u l t  in  co m p e t i t io n ,  en d in g , accord ing  to  the p r i n c i p l e ,  w ith  the e l i m i ­
n a t io n  o f  one o f  the two s p e c i e s .
In Oklahoma seven  forms o f  water snakes o f  the genus N atr ix  
are known to  o ccu r .  Two o f  t h e s e ,  the diamond-backed water snake (Nat­
r i x  . rh om b ifera ) and the p l a i n - b e l l i e d  water snake (N atr ix  e r y t h r o g a s te r ). 
are sym patric  over  much o f  t h e i r  geographic range (F igure 1 ) .  Natrix  
er y th r o g a s te r  ranges from Delaware in  the e a s t  to  e a s t e r n  New Mexico 
in  the  w est  (Conant, 1 9 5 5 ) ,  thus ranging  fa r th e r  e a s t  and fa r th er  w est
1
F igu re  1. Geographic range o f  Natr i x  rh o m b ifera . N atr ix  t a x i ­
s p i l o t a , and N atr ix  er y -th ro g a ste r . A f t e r  Conant (1958);  Smith  
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4than does N. rhom bifera . The former s p e c i e s  ranges a lso  fa r th e r  north  
than does the l a t t e r  (F igure 1 ) .  In a l t i t u d i n a l  d i s t r i b u t i o n  Ü. 
rhombifera ranges from sea  l e v e l  to 2 ,0 0 0  f e e t  (Wright and Wright, 
1 9 5 7 ) .  N atr ix  e r y th r o g a s te r ranges from sea  l e v e l  to  6 ,700  f e e t  in  
Mexico (S te b b in s ,  1966)
The range o f  N. e r y th ro g a s ter  shown in  Figure 1 in c lu d es  four  
s u b s p e c ie s ,  two o f  which occur in  Oklahoma. N atr ix  er y th ro g a ster  
tr a n sv e r sa  (H a l lo w e l l )  occurs over most o f  the s t a t e  and N. e.  
f l a v i g a s t e r  Conant occurs in  the so u th ea s ter n  part o f  the s t a t e .
For the purpose o f  the p rese n t  s tu d y , however, th e se  w i l l  n o t  be d i f ­
f e r e n t i a t e d  and w i l l  both be r e fe r r e d  to  as N atr ix  e r y t h r o g a s te r . fo r  
i n  s o u th ea s ter n  Oklahoma th ese  two forms are d i f f i c u l t  to d i s t in g u i s h  
due to  apparent in te r b r e e d in g  (Conant, 1949).
N atr ix  rhom bifera i s  rep resen ted  by two su b sp ec ie s  in  Figure  
1, one o f  which , N atr ix  rhom bifera rhombifera ( H a l lo w e l l ) .  occurs  in  
Oklahoma. The geographic range o f  N. t a x i s p i l o t a  i s  i l l u s t r a t e d  in  
F igure 1 because Cliburn (1956) p r e se n ts  ev id en ce  to  show th a t  N. 
rhombifera can be regarded as a s u b s p e c ie s  o f  N. t a x i s p i l o t a . I f  th i s  
i s  so the geographic  d i s t r i b u t i o n s  o f  N. t a x i s p i l o t a  and N. er y th ­
r o g a s t e r  are  q u i te  s im i la r .  However in  the p rese n t  study the w r it e r  
r e t a i n s  th e  taxonomy g iven  by Wright and Wright (1957) and by Conant 
(1 9 5 8 ) ,  m ain ta in in g  the usage o f  "Natrix rhom bifera".
Both N. rhom bifera and N. e r y th r o g a s te r  are commonly observed  
i n  th e  same lake or pond. According to  the co m p e t it iv e  e x c lu s io n  p r in ­
c i p l e ,  th e se  two s p e c i e s ,  in  order to  c o e x i s t  must occupy d i f f e r e n t  
e c o lo g i c a l  n ic h e s .  There must be some degree o f  e c o lo g i c a l  d i f ­
5f e r e n t i a t i o n  in  order to  reduce co m p etit io n  between the two s p e c i e s .
The p o s s i b i l i t y  e x i s t s ,  o f  co u rse ,  th a t  th e se  two s p e c i e s  are compet­
ing  and t h e i r  e x i s t e n c e  to g e th e r  i s  on a temporary b a s i s  on ly; however 
i t  i s  more probable th a t  d i f f e r e n c e s  in  n ic h e  requirem ents e x i s t ,  l e s s e n ­
ing  co m p etit io n  and p e r m it t in g  them to occupy the same g en era l  h a b i ta t .
There has been a l im i t e d  amount o f  re sea rc h  ca r r ied  out on the 
e c o lo g y  or on some a s p e c t  o f  the eco lo g y  o f  each o f  th e se  two s p e c ie s  
(C agle , 1937; D ien er ,  1957; L augh lin ,  1959; Grading, 1964; S isk  and 
McCoy, 1964; Bowers, 19 6 6 ) ,  however to  the w r i t e r ' s  knowledge, no com­
p a r a t iv e  s tudy o f  th e s e  two snakes has been undertaken.
To determ ine th e  com plete e c o lo g i c a l  n ic h e  o f  an animal would 
be im p r a c t ic a l  as our te ch n iq u e s  are i n s u f f i c i e n t l y  s o p h i s t i c a t e d  to 
determine the more s u b t l e  a s p e c t s  o f  the e c o lo g i c a l  n ic h e .  With th i s  
in  mind, i t  i s  the  purpose o f  th e  p rese n t  study to determine the eco­
l o g i c a l  s e p a r a t io n ,  i f  such e x i s t s ,  between th e s e  two s p e c i e s  where 
they  occur in  th e  same la k e s  or ponds in  Oklahoma.
ch a pter  I I
METHODS
The S tu d y  Areas
An attem pt was made to  s e l e c t  study areas th at  were r e l a t i v e l y  
f r e e  from human d is tu rb a n ce -  Areas in  the v i c i n i t y  o f  Norman, Oklahoma, 
were p referred  but e x c u r s io n s  were a l s o  made in  search  o f  study areas  
e lsew h ere  in  the s t a t e .  Data were c o l l e c t e d  on snakes encountered  
during th ese  e x c u r s io n s .
The ch o ic e  o f  s tu d y  areas was governed p r im a r i ly  by a c c e s s i ­
b i l i t y  and by abundance o f  snakes .  Three main s tudy  areas were s e l e c t e d .  
Two o f  th ese  were in  C leveland County; H o sp ita l  Lake in  Norman, and 
Smith Lake in  th e  Lexington  Game Management Area. The t h ir d ,  in  Mc- 
Curtain County, was a la k e  in  the K u l l i  R ecrea tio n  Area in  the D achita  
N ation a l F o r e s t ,  so u th e a s t  o f  I d a b e l .  Other areas s tu d ie d  were th re e  
ponds near Wanette, Pottawatomie County, and to a l e s s e r  e x t e n t ,  two 
la k e s  on Central S ta te  H o sp ita l  p rop erty  on 24th  Avenue East in Norman.
H o sp ita l  Lake i s  lo c a te d  in  th e  n o r th e a s t  quarter o f  S ec t io n  
20, Township 9 North, Range 2 West, Norman Quadrangle. The lake i s  o ld ,  
and when f u l l  covers  14 a c r e s .  In th e  summer o f  1965, when t h i s  study  
was begun, the water l e v e l  was v ery  low. A gradual in c r e a s e  in  the  
l e v e l  has occurred , the la k e  a t t a in in g  i t s  h ig h e s t  l e v e l  e a r ly  in  the
7summer o f  1969. The earth en  dam i s  lo c a te d  a t  th e  w est  end o f  th e  lake  
and i s  covered  w ith  many rocks and c o n cr e te  b lo c k s .  The dam cover i s  
g r a s s y ,  w ith  t h i c k e t s  o f  Prunus a n g u s t i f o l i a . and i s  bordered a t  the  
w a te r 's  edge w ith  s a p l in g s  o f  S a l ix  n ig r a  and Populus d e l t o ï d e s ,  w ith  
th e s e  s p e c i e s  a c t u a l l y  s tan d in g  in  the w ater in  th e  summer o f  1969.
At the e a s t  end o f  the la k e ,  p a r t i c u l a r l y  in  the a rea s  d es ig n a ted  by 
the w r i t e r  as th e  n o r th e a s t  arm and the e a s t  arm, are more groves o f  
S a l ix  and Populus s a p l in g s .  The remainder o f  the s h o r e l in e  i s  mainly  
g ra ssy  or bare s o i l .
Twenty to  30 f e e t  e a s t  o f  th e  la k e  i s  a sm a ller  la k e  or pond,
1 .5  to 2 a c r e s  in  a re a ,  which w i l l  be r e fe r r e d  to  as the sm all la k e .
The ear th en  dam o f  t h i s  la k e  i s  on th e  n orth w est  s i d e  and i s  faced  
w ith  many c o n c r e te  b lo c k s .  Mature S a l ix  and Populus t r e e s  border the 
dam as w e l l  as much o f  th e  s h o r e l in e .  During h igh  w a ter ,  a sm all t r i c k l e  
o f  w ater f lo w s  from t h i s  la k e  in t o  th e  la r g e r  la k e .
Smith Lake i s  l o c a te d  in  th e  s o u th e a s t  quarter  o f  S e c t io n  19, 
Township 7 North, Range 1 E a s t ,  Eason Quadrangle. This la k e ,  o r i g i n a l l y  
c o n s tr u c ted  about 1935, became s i l t e d  in  and was drained and com p lete ly  
dry fo r  s e v e r a l  y e a r s .  The p r e se n t  l a k e ,  which i s  7 a cres  in  area  
when f u l l ,  was r e b u i l t  in  1956. In 1965 and 1966 th e  water l e v e l  was 
r e l a t i v e l y  c o n s ta n t ,  very  low in  1967 and v ery  h igh  in  1968 and 1969.
The ear th en  dam, a t  the south  end o f  the la k e ,  i s  faced  w ith  sand­
s to n e  r o c k s .  Mature t r e e s ,  m ainly S a l i x ,  w ith  some Ulmus and P opulus , 
border the dam. At the north  end o f  th e  la k e  l i e s  oak f o r e s t ,  w ith  
S a l ix  near the w a t e r ' s  ed ge .  The remainder o f  the s h o r e l in e  i s  mainly  
open w ith  mixed areas  o f  g ra ss  and bare s o i l .
8K u l l i  Lake i s  lo c a te d  in  th e  so u th e a s t  q uarter  o f  S e c t io n  30,  
Township 8 South, Range 25 E a s t ,  Haworth Quadrangle. The la k e  was con­
s tr u c te d  in  1944 and when f u l l  i s  7 a cres  in  area .  In 1965 the water  
l e v e l  was very  low but in c rea se d  every  year u n t i l  the summer o f  1968, 
when th e  l e v e l  was e x c e e d in g ly  h ig h ,  f lo o d in g  s e v e r a l  p ic n ic  t a b l e s .
The l e v e l  remained h igh  in  1969. The earthen  dam, a t  the w e st  end o f  
the la k e ,  i s  covered w ith  g r a s s .  Whereas most o f  th e  s h o r e l in e  i s  g r a ssy  
w ith  areas o f  bare s o i l ,  woodland surrounds the e a s t  end o f  the la k e ,  
the shore h ere  bordered w ith  h ig h  g r a s s .  In th e  p i c n i c  and camping 
a r e a s ,  which c o n s t i t u t e  most o f  th e  s h o r e l in e ,  th e  g r a s s  i s  kep t sh o r t  
by mowing.
Each o f  the th re e  ponds near W anette, Pottawatomie County, i s  
approxim ate ly  1 .5  to  2 a c r e s  in  a re a .  One, d es ig n a ted  by th e  w r it e r  
as the Stone Dam Pond, l i e s  in  th e  n o r th e a s t  quarter  o f  S e c t io n  19,  
Township 6 North, Range 3 E a s t ,  Wanette Quadrangle. The dam i s  o f  e a r th ,  
but i s  faced  w ith  s to n e  forming a v e r t i c a l  w a l l  a f f o r d in g  many c r e v ic e s  
in  which snakes may se c lu d e  th em se lv e s .  Mature S a l i x , C e l t i s . Ulmus, 
and Juniperus t r e e s  border the dam, which i s  lo c a te d  a t  the sou th  end 
o f  the pond. The remainder o f  th e  shore i s  p r im a r i ly  g r a ssy  or bare  
s o i l .
About 20  f e e t  to  the e a s t  o f  t h i s  pond l i e s  a n o th er ,  d e s ig n a ted  
as the Small Pond, w ith  th e  dam a t  the w e st  end and running a t  r i g h t  
an g le s  to  the s to n e  dam. A few mature S a l ix  t r e e s  border the dam, tb 
r e s t  o f  the shore b e in g  g r a s s y  or o f  bare s o i l .
In the north w est  q uarter  o f  S e c t io n  19 l i e s  th e  th ir d  pond.
Snag Pond, so c a l l e d  because  o f  the many s ta n d in g  dead t r e e s  in  the
9w a ter .  An ear th en  dam, gra ss-co v ered  and w ith  a few S a l ix  t r e e s ,  
bounds the w est end o f  the pond. Along the e n t i r e  south  shore i s  oak 
woodland and a long the north shore are a few S a l ix  t r e e s .  The r e ­
mainder o f  th e  shore i s  g ra ssy .
In Norman, on 24th Avenue East are two small la k e s  th at  were 
s tu d ie d  to  a l e s s e r  e x t e n t .  The e a s t  la k e ,  6 acres  in  area ,  l i e s  on 
the e a s t  s id e  o f  the road, in  the northw est quarter o f  S ec t io n  27,  
Township 9 North, Range 2 West. The lake was co n stru c ted  in  1952 or 
1953. At the e a s t  end i s  the earthen  dam. The w est end i s  very  s h a l ­
low and weedy, w ith  a few t r e e s .  The remainder o f  the shore i s  a 
mixture o f  g r a s s y  areas and bare s o i l .
The w est  lake l i e s  to  the w est  o f  th e  road in  the northwest
quarter  o f  S e c t io n  28 . This lake  i s  13 a cr es  in  area and was con­
s tr u c te d  in  1953 or 1954. An ear th en  dam impounds the lake  on the e a s t  
end and c o n cr e te  b lock s  fa ce  th e  dam. There are a few tr e e s  a long  the  
dam and a few s c a t t e r e d  near the  southw est end o f  the  la k e .  The r e ­
mainder o f  th e  shore i s  g ra ssy  or o f  bare s o i l .
Where creek s  were encountered , th ey  were in v e s t ig a te d  but not  
e x t e n s i v e l y .
Capture and P ro c es s in g  o f  Snakes
Methods o f  Capture 
E a rly  in  the study an attem pt was made a t  trapping u s in g  the 
type o f  fu n ne l  trap  designed  by F itc h  ( I 9 6 0 ) .  This attempt was made 
on p r iv a te  p rop erty  f i v e  m ile s  e a s t  o f  Norman and was d isco n t in u ed  a f t e r  
the traps  were v a n d a l iz e d .  I t  was assumed th a t  i f  traps were van da lized
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on p r iv a te  property  trapping would be im p ra c t ic a l  in  more p u b l ic  areas  
such as H o sp ita l  Lake.
Snakes were found by sea rch in g  a long  the sh ores  o f  the lakes  
and ponds and by tu rn in g  over d r iftw ood . P i l l s t r o m  Tongs (P i l l s t r o m ,  
1954) were used q u ite  s a t i s f a c t o r i l y  in  ca tch in g  the sn a k es ,  even w h ile  
moving and in  the w a ter .  H o sp ita l  Lake was p a t r o l l e d  during d a y l ig h t  
hours, w ith  some n ig h t  e x c u r s io n s  in  1968. Smith Lake was p a tr o l le d  
mainly a t  n ig h t  w ith  o c c a s io n a l  day t r i p s .  K u l l i  Lake was p a tr o l le d  
alm ost e n t i r e l y  a t  n ig h t .  The Wanette ponds were p a t r o l l e d  during the 
day o n ly  and the la k e s  on 24th  Avenue in  Norman were p a t r o l l e d  both  
day and n ig h t .
P ro c es s in g
At the p o in t  o f  each capture the a ir  temperature a t  a h e ig h t  
o f  3 f e e t  was taken as w e l l  as the temperature o f  the s u b s tr a te  on which  
the snake was l y in g  or the water temperature i f  a p p r o p r ia te .  A ls o ,  a 
number o f  c lo a c a l  tem peratures were taken , p a r t i c u l a r l y  in  1968 and 
1969. E a r l i e r  in  th e  s tu d y ,  when s e v e r a l  snakes were c o l l e c t e d  during  
a n ig h t  p a tr o l  around the shore they were put in t o  a bag to g e th e r  and 
p rocessed  l a t e r  and then r e le a s e d  1 a t  once a t  the same lo c a t i o n .  
C loaca l tem peratures were not taken under th ese  c o n d i t io n s .  By th i s  
method la rg er  numbers cou ld  be c o l l e c t e d  during an e v e n in g .  L ater  
i t  was f e l t  th a t  b e t t e r  d ata  cou ld  be ob ta in ed  by p r o c e s s in g  the snakes  
as they  were captured and r e l e a s i n g  them a t  once a lthough  fewer could  
be taken in  an evening  by t h i s  l a t t e r  method.
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Snou t-ven t and t a i l  l e n g th  were recorded fo r  each snake.
Sex ing  was done a f t e r  the method o f  S chaefer  (1934) and marking a f t e r  
the method o f  Blanchard and F in s t e r  (1 9 3 3 ) .  Before w e ig h in g ,  the snake  
was forced  to  r e g u r g i t a t e  any food . Snakes were weighed in  a p re­
weighed c l o t h  bag u s in g  a sp r in g  s c a l e .  Gravid fem ales  were recorded .  
E c d y s is ,  s c a r s  or o th er  unusual marks such as s tu b  t a i l s  were noted  
a l s o .
The a c t i v i t y  o f  the snake a t  the time o f  capture as w e l l  as i t s  
behaviour on r e l e a s e  was recorded .
S ig h t  Records
F req u en tly  snakes were seen  th a t  cou ld  n o t  be approached, or 
attem p ts  to  capture f a i l e d .  A l l  e c o l o g i c a l  da ta  were recorded fo r  
th e s e  s i g h t  record s  and the sn a k e 's  a c t i v i t y  was noted a l s o .
CHAPTER I I I  
RESULTS 
Numbers
The t o t a l  number o f  snakes o f  the genus N atr ix  captured or 
see n ,  in c lu d in g  r e c a p tu r e s ,  during th e  course  o f  the study was 527,  
o f  which 306 were N a tr ix  rh om b ifera . 164 were N. e r y t h r o g a s t e r . 48 
N. grahami. 7 N. s ipedon  c o n f lu e n s . and 2 N. _s. p l e u r a l i s . O v e r a l l ,
N. rhom bifera appeared to  be tw ice  as  abundant as N. e r y t h r o g a s t e r .
Brown (1950) s t a t e s  th a t  N. e.  tr a n s v e r s a  i s  one o f  th e  most common 
w ater snakes to be found in  T exas, and th a t  N. rhom bifera i s  about as 
p l e n t i f u l  as t h i s  s p e c i e s  throughout the e a s t e r n  h a l f  o f  the s t a t e .  
D iener (1957) found N. e r y th r o g a s te r  to  be tw ice  as abundant as N. 
rhom bifera  in  Kansas. Grading (1964) c o l l e c t e d  14 N. e .  f l a v i g a s t e r  
to 20 N. rhom bifera in  Hunt County, T exas. S treck er  (1915) r e f e r s  to  
Tropidonotus s ipedon  transversus H a l lo w e l l  (N. _e. t r a n s v e r s a l as the  
common water snake o f  T exas. Cagle (1937) s t a t e s  in  h i s  s tu d y  a t  R eel-  
fo o t  Lake, T en n essee ,  th a t  two th ir d s  o f  the snakes captured were N. 
rh om b ifera . Of 37 snakes c o l l e c t e d  in  Lake M cA lester, P i t t s b u r g  County, 
Oklahoma, 23 were N. t a x i s p i l o t a  (N. rhom bifera) and 4 were N. e r y th ro - 
g a s te r  (Laughlin  19 5 9 ) .  I t  appears ,  from the r e s u l t s  o f  the p resen t  
s tu d y ,  th a t  N. rhom bifera i s  the  most abundant water snake in  Oklahoma.
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In Table I the numbers o f  the two s p e c i e s  ire presented  a c ­
cord ing  to  study a rea .  These data  r e p r e s e n t  a l l  record s  fo r  the f i v e  
y ears  o f  the s tu d y .  S in ce  the amount o f  time sp en t  in  each o f  the  
study areas v a r ie d ,  th e  ta b le  s e r v e s  to  prov ide  an in d ic a t io n  o f  the  
r e l a t i v e  abundance o f  the two s p e c ie s  in  each study  area  o n ly .  Table  
I r e v e a l s  th a t  N atr ix  rhom bifera i s  th e  most abundant snake in  every  
area ex c ep t  the la r g e r  o f  the two H o sp ita l  Lakes. I f  th ese  two la k e s  
are combined as one study a re a ,  which i s  ex p ed ien t  in  th a t  the snakes  
undoubtedly  move from one la k e  to  the o th er  due to t h e i r  c l o s e  p ro x im ity ,  
N atr ix  rhom bifera i s  more numerous but the r a t i o  i s  sm a l le r .
The l a r g e s t  sample taken fo r  any one day, August 6 ,  1966, a t  
the K u l l i  R ecrea t io n  Area in  McCurtain County, in c lu d in g  s i g h t  r e c o r d s ,  
in v o lv ed  51 sn a k es ,  41 o f  which were N. rh om b ifera . 7 N. e r y th r o g a s t e r . 
and 3 N. s ipedon  c o n f lu e n s .
In T able I I  the r e l a t i v e  abundance o f  th e  two s p e c i e s  i s  com­
pared in  each study area  fo r  each y e a r .  In the two H o sp ita l  Lakes both  
s p e c i e s  occurred  in  approxim ately  a o n e - to -o n e  r a t i o  in  1965. N. 
er y th r o g a s te r  was most abundant in  th e  fo l lo w in g  two y ea rs  and then  
N. rhom bifera became more numerous. In Smith Lake the trend was r e ­
v e r s e d ,  w h i le  in  K u l l i  Lake N. rhom bifera remained the most abundant 
s p e c i e s  throughout the cou rse  o f  th e  s tu d y .  These phenomena w i l l  be 
d is c u s s e d  below.
S i ? G r o w t h  and L o n g ev ity  
S iz e
Comparative d ata  on the s i z e  o f  the  a d u l t  snakes i s  presented
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Table  I .  Numbers o f  snakes captured ( in c lu d in g  r e c a p tu r e s )  and 
seen  o n ly ,  accord ing  to  l o c a l i t y  and sex .
L o c a l i t y N atr ix  
seen  M
rhom bifera  
F T %
N atrix  ery th ro g a s ter  
seen  M F T %
H o sp ita l  L . :
la r g e 33 16 8 57 4 7 .9 27 10 27 64 52 .1
sm all 21 4 1 26 70 .3 9 - 2 11 29 .7
Smith L . : 27 11 7 45 63.4 15 7 4 26 3 6 .6
Wanette area:
Stone Dam 14 1 1 16 5 1 .6 15 - - 15 4 8 .4
Small 8 1 - 9 7 5 .0 2 1 - 3 2 5 .0
Snag 1 - - 1 2 0 .0 4 - - 4 8 0 .0
K u l l i  L . : 38 31 37 106 8 4 .1 7 4 9 20 15 .9
M i s c . : 23 10 13 46 68 .7 6 7 8 21 3 1 .3
TOTALS 165 74 67 306 65 .1 85 29 50 164 3 4 .9
T a b le  I I .  Numbers o f  N a tr ix  rh om b ifera  ( N . r . )  and N a tr ix  e r v t h r o e a s t e r  ( N . e . )  s e e n  or ca p tu red  ( i n c l u d ­
in g  r e c a p t u r e s )  in  d i f f e r e n t  s tu d y  a r e a s  a c c o r d in g  to  y e a r .
1965 1966 1967 1968 1969
N .r . % JS.£.. % N-£ . % JS.jg . % iJ .r , . % U -e . % N .r . % N.^. % N .r . % N .e ., %
H o s p i ta l  L. 
l a r g e 7 5 0 .0 7 5 0 .0 7 4 1 .2 10 5 8 .8 1 6 .7 14 9 3 .3 29 3 5 .8 23 4 4 .2 13 5 6 .5 10 4 3 .5
sm a ll - - 1 - - - - 1 5 0 .0 1 5 0 .0 7 6 3 .6 4 3 6 .4 18 7 8 .3 5 2 1 .7
T o ta l 7 4 6 .7 8 5 3 .3 7 4 1 .2 10 5 8 .8 2 1 1 .8 15 8 8 .2 36 5 7 .1 27 4 2 .9 31 6 7 .4 15 3 2 .6
Smith L. 26 8 1 .3 6 1 8 .7 14 5 3 .8 12 4 6 .2 3 5 0 .0 3 5 0 .0 1 5 0 .0 1 5 0 . 0 1 2 0 -0 4 8 0 .0
W anette  
S to n e  Dam 5 8 3 .3 1 1 6 .7 4 1 6 3 0 .0 14 7 0 .0
n o t
Sm all P. dry  3 2 -  -  4 5 7 .1  3 4 2 . 9
s tu d ie d
Snag P. -  1 1 3 3 .3  2 6 6 .7  -  -  1
K u l l i  L. 7 7 7 .8  2 2 2 .2  57 8 5 .1  10 1 4 .9 1 6  8 0 . 0  4 2 0 .0  8 8 0 .0  2 2 0 . 0  19 9 0 .5  2 9 .3
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in  Table I I I .  The two s p e c i e s  are o f  comparable s i z e ,  the fem ales  
in  both tending to be la r g e r .
According to Wright and Wright (1957) male N. rhombifera  
breed a t  72 .2  to  119 cm and the fem ales  a t  82 to  145 cm. I t  i s  a s ­
sumed th a t  th ese  f i g u r e s  re p r e se n t  t o t a l  l e n g th .  I t  i s  th e  p re feren ce  
o f  the w r i t e r  to  use sn o u t -v en t  le n g th  as a b a s is  fo r  comparison o f  
s i z e  and growth s in c e  a g r e a t  many o f  the snakes examined during the  
cou rse  o f  the study had stu b  t a i l s .
B etz (1963) s t a t e s  th a t  fem ales  r e q u ire  a t  l e a s t  2 .5  y ea rs  to  
a t t a i n  sexu a l m a tu r ity .  Data ob ta ined  in  th e  p rese n t  stu d y  i n d ic a t e  
th a t  a t  t h i s  age the fem ales  are 63 to  68 cm in  s n o u t -v e n t  len g th  
(F igure 2 ) .
Wright and Wright (1957) g iv e  th e  b reed in g  s i z e  o f  N. e ry th ro -  
g a s t e r  males and fem ales  as 7 2 .4  to  103 .7  and 8 6 .5  to  133 .5  cm r e ­
s p e c t i v e l y .
In Table IV, s i z e  d ata  are p resen ted  fo r  newborn sn akes .
There appears to be l i t t l e  d i f f e r e n c e  in  len g th  between th e  young o f  
e i t h e r  s p e c i e s .  Data ob ta ined  in  the p r e se n t  s tudy in d ic a t e  no d i f ­
fe r e n c e  in  s i z e  between the s e x e s ,  however Frank lin  (1944) found th a t  
in  N a tr ix  t a x i s p i l o t a . newborn males tend to  be la r g e r  than fem a les .
He p o in t s  ou t th a t  t h i s  trend i s  rev ersed  in  the a d u l t s .  T his  sup­
p o r ts  the above o b s e r v a t io n  made by th e  w r i t e r .
In F igure 4 both sex e s  o f  th e  two s p e c i e s  are compared w ith  
r e s p e c t  to  s i z e  c l a s s e s ,  in  3 cm i n t e r v a l s .  The h istogram s fo r  the  
fem ales  o f  both s p e c i e s  are somewhat s im i la r  in  th a t  th er e  i s  a p r e ­
ponderance o f  in d iv id u a ls  in  the sm a ller  s i z e  c l a s s e s .  The males a l s o
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Table I I I .  S iz e  o f  ad u lt  water snakes ( N a t r ix ). T o ta l  le n g th  i s  
in d ic a t e d  by T; sn o u t-v en t  le n g th  by s .
S p e c ie s  No. Sex Range (cm) Mean A u th o r ity
N. rhom bifera 7 6 .2 -1 2 1 ,9 T Conant (1958)
8 1 ,3 -1 7 0 ,2 T Wright and Wright (1957)
27 M 6 1 .5 -8 8 .4 72 ,1 s P resen t  s tudy
17 M 8 2 .2 -1 0 8 .3 93 .1 T
23 F 6 2 .7 -1 1 8 .9 86 .4 s
16 F 7 9 .0 -1 4 6 .9 1 0 6 .9 T
N. e r v th r o e a s te r 7 6 .2 -1 2 1 .9 T Conant (1958)
4 5 .7 - 1 7 1 .5 T Wright and Wright (1957)
12 M 5 5 ,5 - 8 2 .8 72 .2 s P re sen t  s tudy
9 M 7 1 .9 -1 0 6 .8 92 .9 T
12 F 6 6 .5 - 9 5 .6 8 4 .5 s
10 F 8 4 .0 - 1 2 1 ,0 103 .5 T
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Figure 2 .  N a tr ix  rh o m b ifera , Snou t-ven t le n g th  p lo t t e d  a g a in s t  month 
o f  ca p tu re .  The time o f  capture  i s  p lo t t e d  to the n e a r e s t  
two w eeks. C ir c le s  r e p r e s e n t  fem ales and d o ts ,  m ales .  The 
v e r t i c a l  l i n e  r e p r e se n ts  the  range and the crossb ar  the  
mean o f  60 newborn young. The means o f  th e  males and f e ­
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Figure 3. Matrix e r y t h r o g a s t e r . Snout-ven t len g th  p lo t t e d  a g a in s t  
month o f  cap tu re .  The time o f  capture i s  p lo t t e d  to the  
n e a r e s t  two weeks. C ir c le s  r e p r e se n t  fem ales and d o ts ,  
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T able IV. S iz e  o f  newborn w ater  snakes (M a tr ix ) .  T o ta l  le n g th  i s  
in d ic a te d  by T; sn o u t -v en t  le n g th  by s .
S p e c ie s No. Sex Range (cm) Mean A u th o r ity
N. rhom bifera 34 F 1 6 .5 -2 5 .2 2 3 .6 s P re sen t  study
33 F 2 7 .5 - 3 2 .4 3 0 .6 T
26 M 1 7 .0 - 2 5 .3 2 3 .9 s
26 M 2 2 .8 - 3 3 .4 3 1 .5 T
25 2 0 .3 - 2 4 .6 2 2 ,7 T Kennedy (1964)
N. t a x i s p i l o t a 21 F 1 7 .9 - 2 4 .6 2 3 .8 5 F ran k lin  (1944)
13 M 2 3 .8 - 2 5 .9 2 5 .1 8
21 F 2 3 .6 - 2 5 .2 2 4 .2 5
16 M 2 4 .6 - 2 5 .8 2 5 .1 7
22 F 1 9 .0 - 2 5 .1 24 .1 1
18 M 2 0 .0 - 2 6 .8 2 5 .0 6
N. e .  t r a n sv e r sa 7 F 2 2 .3 - 2 4 .8 2 3 .8 s P re sen t  study
7 F 2 8 .7 - 3 2 .8 3 1 .3 T
1 9 .0 - 2 5 .3 T Anderson (1965)
2 1 .9 - 2 6 .4 Conant (1933)
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show some s i m i l a r i t y  in  th a t  th ere  are two peaks o f  d i s t r i b u t i o n ,  one 
toward each end o f  the h istogram . The fem ales  e x h i b i t  a g r e a te r  s i z e  
range than do the males o f  e i t h e r  s p e c i e s ,  w ith  N. rhom bifera fem ales  
showing the g r e a t e s t .  O v e r a l l ,  th e s e  h istogram s r e v e a l  no g r e a t  d i f ­
fe r e n c e  between the two s p e c i e s .
In F igu res  5 ,  6 ,  and 7 comparisons are made between w e ig h t  and 
body le n g th .  In  the males no d i f f e r e n c e  can be noted  v i s u a l l y  between  
th e  two s p e c ie s  in  the r e l a t i o n s h i p  between w e ig h t  and le n g th .  In the  
f e m a le s ,  however, N. rhom bifera shows a tendency toward a g r e a te r  w e igh t  
fo r  a g iv e n  s i z e .  Matrix rhom bifera fem ales  tend to be h e a v ie r  than 
th e  m ales ,  whereas th ere  appears to  be l i t t l e  d i f f e r e n c e  in  w e ig h t  be­
tween th e  sex e s  in  M. e r v t h r o g a s t e r . Carpenter (1953a) found no d i f ­
fe r e n c e  between sex e s  i n  Thamnophis s i r t a l i s  and T. b u t l e r i  regard in g  
the le n g th -w e ig h t  r e l a t i o n s h i p .
Growth
When sn o u t -v e n t  len g th  i s  p lo t t e d  a g a in s t  d a te  o f  capture  
(F ig u res  2 and 3 ) ,  snakes o f  th e  same age tend to  be grouped. These 
a g e - s i z e  groups are d i s c e r n i b le  up to  about 2 y ea rs  o f  age .  Beyond 
t h i s  a g e ,  due to  d i f f e r e n t i a l  growth r a t e s ,  th e  p a t te r n  tends to  become 
s c a t t e r e d  due to  o v er la p p in g  age groups.
Growth curves were ob ta in ed  by p l o t t i n g  th e  mean s n o u t -v e n t
l e n g th  for each s i z e  group a g a in s t  each growing month (F igu res  8 and 9 ) .
Due to a g r e a te r  number o f  c a p tu r e s ,  the growth curve o f  rhom bifera
can be traced  fa r th e r  than th a t  o f  N. e r v t h r o g a s t e r , 2 years  and 10
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F ig u re  4 .  S iz e  d i s t r i b u t i o n  in Matrix rhom bifera and Matrix er v th ro ­
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Figure 6. N atr ix  rhombifera fem ales .  W eigh t- len gth  r e la t i o n s h i p .  
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N atrix  e r v th r o g a s te r  males and fem a les .  W eig h t- len g th  
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F ig u re  8. Mean s n o u t -v e n t  le n g th  p l o t t e d  a g a in s t  month o f  cap tu re  for  
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F igu re  9. Mean s n o u t - v e n t  l e n g th  p l o t t e d  a g a in s t  month o f  ca p tu re  for  
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F igu re  10. N a tr ix  rh o m b ifer a . Growth, based on r e c a p tu r e s .  The dashed l i n e s  
r e p r e s e n t  fe m a le s ,  and the s o l i d  l i n e s  m ales .  The numbers are  
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F i g u r e  11. N a t r i x  e r y t h r o g a s t e r . G r o w t h ,  b a s e d  o n  r e c a p t u r e s .  The  d a s h e d  
l i n e s  r e p r e s e n t  f e m a l e s ,  and  t h e  s o l i d  l i n e s  m a l e s .  Th e  n um be r s  
a r e  i d e n t i f i c a t i o n  n u m b e r s  a s s i g n e d  t o  i n d i v i d u a l  s n a k e s .
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These growth curves are supported by in d iv id u a l  growth records  
o f  recaptured  snakes (F igures  10 and 11) arranged in  order o f  in c r e a s ­
ing  age .  These growth curves are v ery  s im i la r  to those  presented  by 
Fukada (1 9 6 1 ) ,  for  s e v e r a l  s p e c ie s  in  Japan.
Numerical v a lu e s  for  growth r a t e s ,  exp ressed  in  cen t im ete r s  
per day, are presented  in  Table V. I t  should be po in ted  o u t ,  however,  
th a t  re c a p tu r e s  may n o t  prov ide  e n t i r e l y  a ccu ra te  data  on growth r a t e s  
in  th a t  some snakes are prone to s tu n t in g  due to  the e f f e c t s  o f  hand­
l i n g .  F i tc h  (1949) found t h i s  to be so in  C rota lus v i r i d i s  o regan u s , 
the ev id en ce  b e ing  mainly in  w eigh t l o s s e s .  In the  p r e se n t  study  
w eig h t  l o s s  was e v id e n t  in  some m ales . I t  i s  i n t e r e s t i n g  to  note  
th a t  F ic k e s s  (1962) observed h i s t o l o g i c a l  changes and in c r e a s e  in  
w eigh t o f  the ad ren a ls  in  N. rhom bifera su b je c te d  to  s t r e s s .
Comparing the average growth r a t e s  on the  b a s i s  o f  p ercen t  in ­
cr e a s e  in  body len g th  per day w ith  the age c l a s s  (Table VI) i t  i s  e v i ­
dent th a t  the younger snakes o f  both  se x e s  tend to  grew more r a p id ly  
than do th e  o ld e r  snakes .  A lthough the  ev id en ce  i s  very  sc a n ty ,  the  
same trend can be seen  in  both s p e c i e s .
There i s  no d i f f e r e n c e  in  growth r a t e s  between males and f e ­
males e v id e n t  in  F ig u res  8 , 9, 10, and 11. However the num erical data  
(Table VI) p r e se n t  some ev id en ce ,  though s c a n ty ,  th a t  the growth ra te  
o f  fem ales  i s  g re a ter  than th a t  fo r  m ales . The mean growth r a t e  fo r  
10 males i s  .11 p ercen t  per day and th a t  fo r  6 fem ales  i s  .18 percen t  
per day. I t  was noted e a r l i e r  th a t  N. rhom bifera fem ales tended to  
grow la r g e r  than m ales ,  hence one would ex p ec t  t h e i r  growth r a te  
to be g r e a te r .  I t  may be th a t  the growth r a t e s  are s im i la r  up to  3
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T able V. Growth r a t e s ,  based on r e c a p tu r e s .  The growth per iod  i s  s e t  
a r b i t r a r i l y  from A p r i l  to October i n c l u s i v e .  L ast  column o f  
f i g u r e s :  % sn o u t -v e n t  le n g th  per day, based on o r i g i n a l  












I n c r . cm/ d %/d
N a tr ix  1rhombifera
1 1 /8 /6 5 6 /7 /6 6 M 1 178 4 6 .1 6 0 .8 14 .7 .083 .18
2 1 /8 /6 5 1 6 /4 /6 6 M 2+ 87 71 .7 71.2 - - -
2 1 /8 /6 5 6 /8 /6 6 M 2 199 6 2 ,1 66 .7 4 .6 . .023 .04
1 7 /9 /6 6 M 3 42 68.2 1 .5 . .0 3 6 .05
1 /9 /6 5 1 7 /9 /6 6 M 2 16 64 .1 6 4 .9 .8 .050 .08
1 7 /9 /6 5 2 5 /9 /6 5 M 2 8 59 .1 59 .5 .4 .050 .09
1 6 /4 /6 6 6 /8 /6 6 M 2+ 112 68 .6 72 .3 3 .7 .033 .05
9 /7 /6 6 .1 7 /9 /6 6 M 1- 70 3 6 .8 4 8 .5 11 .7 .167 .45
6 / 8 / 6 6 1 7 /9 /6 6 M 2 42 63 .3 67 .3 4 . 0 .095 .15
1 5 /4 /6 9 1 4 /5 /6 9 M 2+ 29 7 6 .0 76 .8 .8 .028 .04
1 1 /8 /6 5 1 0 /9 /6 5 F 1 30 4 3 .9 4 5 .9 2 .0 .067 .15
1 /9 /6 5 1 0 /1 0 /6 5 F 1 39 51 .4 5 4 .1 2 ,7 .069 .13
9 /9 /6 5 1 1 /5 /6 6 F 1 93 51 .7 5 6 .3 4 . 6 .049 .10
9 /7 /6 6 1 9 /7 /6 7 F 2+ 224 97 .8 100 .3 2 .5 .011 .01
9 /7 /6 6 6 /8 /6 6 F 1- 28 34 .3 39 .2 4 .9 .175 .51
1 /7 /6 7 2 /7 /6 8 F 2 215 5 3 .0 72 .3 19 .3 .090 .17
N a tr ix  e r v th r o g a s te r
1 /5 /6 8 9 /6 /6 9 M 1- 253 2 4 .7 5 2 .6 2 7 .9 .110 .45
6 /8 /6 5 1 0 /9 /6 5 F 2 35 5 2 .9 5 5 .6 2 .7 .077 .15
3 / 6 / 6 8 2 9 /1 0 /6 8 F 1- 148 2 2 .8 4 6 .9 2 4 .1 .163 .71
L]^  r e p r e s e n ts  i n i t i a l  l e n g th  and L2 , the len g th  a t  reca p tu re .
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Table VI. Comparisons o f  average growth r a t e ,  in  p ercen t s n o u t -v e n t  
l e n g th  per day, w ith  age .




N atr ix  rhom bifera M 2+ 4 .04
M 2 4 .09
M 1 or l e s s 2 .32
F 2+ 1 .01
F 2 1 .17
F 1 or l e s s 4 .22
N atr ix  e r v th r o g a s te r M 1- 1 .45
F 2- 1 .15
F 1- 1 .71
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y ea rs  o f  age and d iverge  a f t e r  th a t  time. From the d ata  obtained  
in  the p resen t  study i t  was not p o s s ib l e  to  tra ce  growth curves be­
yond 3 y ea r s .  F i tc h  (I9 6 0 )  found a ra th er  abrupt d ivergen ce  in  the  
growth o f  copperheads (A gkistrodon c o n t o r t r i x ) beyond 4 y e a r s ,  the  
males growing f a s t e r .
Many authors have observed th a t  the fem ales o f  the s p e c ie s  
s tu d ied  grew a t  a f a s t e r  r a te  than did  the males (C arpenter, 1952b: 
Thamnophis s i r t a l i s . T. s a u r i t u s . I . b u t l e r i : F i t c h ,  1963a: Coluber 
c o n s t r i c t o r , 1965; Thamnophis s i r t a l i s : Fukada, 1959; N atr ix  t i g r in a  
t i g r l n a ; Heyrend and C a l l ,  1951: C rota lus v i r i d i s  l u t o s u s ; P l a t t ,  1969: 
Heterodon p la t v r h in o s . H. n a s i c u s : Raney and Roecker, 1947: Natrix  
s e p t e m v i t t a t a . N. s ipedon  s ip e d o n ; V ols^e ,  1944: V ipera b e r u s ) .  In 
some s p e c ie s  i t  has been observed th a t  males grow f a s t e r  than fem ales  
(F i tc h ,  1960: A gk istrodon  c o n t o r t r i x ; F i t c h ,  1963b: Elaphe o b s o l e t e : 
Fukada, 1960: Elaphe q u a d r iv ir g a ta ; Heyrend and C a l l ,  1951: M asticophis  
ta e n ia tu s  t a e n i a t u s ) .  Burkett (1966) was unable to  n o te  any dimorphism 
in  growth r a t e  in  A gk istrodon  p i s c i v o r u s .
Based on F igu res  8 ,  9, 10, and 11, no d i f f e r e n c e  in  growth  
r a t e s  i s  e v id en t  between N. rhombifera and N. e r v t h r o g a s te r .
L ongev ity
L ongev ity  d ata  are ob ta ined  mainly from c a p t iv e  snakes .  How­
ev e r ,  marking experim ents ca r r ied  ou t over a long p e r io d ,  such as th a t  
done by F i tc h  (1949) may g iv e  some in d ic a t io n  o f  the l i f e  span. I t  may 
be expected  th a t  snakes in  c a p t i v i t y ,  under optimum c o n d it io n s  would 
tend to l i v e  to  a g r e a te r  age. F i t c h ' s  o b serv a t io n s  o f  w ild  r a t t l e -
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sn a k es ,  however, tend to  agree w ith  those  p ub lished  by Perkins (1955)  
and Shaw (1962) for  c a p t iv e  sn akes .
Her tens  (1964) record s  a l o n g e v i ty  o f  15 years  and 28 days for  
the o f f s p r in g  o f  an in teg ra d e  N atr ix  n a tr ix  astreptophora x sch w e iz er i  
male and a N atr ix  t e s s e l l a t a  female hatched in  c a p t i v i t y .  Conant and 
Hudson (1949) g iv e  the lo n g e v i t y  o f  N. _e. t r a s v e r s a  as 4 years  and 3 
months and th a t  o f  N. e .  e r v th r o g a s te r  as 8 years  and 10 months. Flower 
(1925) g iv e s  the lo n g e v i t y  fo r  6 N. rhombifera as ranging from 2 y e a r s ,
8 months and 15 days to  7 y e a r s ,  7 months and 7 days.
I f  the growth curve presented  in  Figure 8 i s  reasonab ly  ac­
c u r a te ,  the l i f e  span o f  N. rhombifera must extend co n s id e ra b ly  beyond 
4 y ea rs  i f  an a d u lt  body le n g th  o f  over 100 cm i s  to be a t ta in e d ,  as  
was the case  fo r  s e v e r a l  fem ales  encountered in  the p rese n t  s tudy. I t  
i s  l i k e l y  th a t  the l i f e  spans o f  th ese  two s p e c i e s  are somewhat s im i la r  
to  th o se  o f  s p e c i e s  o f  s im i la r  s i z e  as p resented  by P er k in s ,  and by Shaw, 
w ith  a l i f e  span ranging somewhere between 10 and 20 y ea r s .
Reproduction  
Sex R atios
I t  may a t  f i r s t  seem reason ab le  th a t  the most accurate  sex  
r a t i o s  would be obta ined  by ta k in g  a la rg e  sample in  a p a r t ic u la r  area  
during a l im i t e d  tim e. However, due to  the p o s s i b i l i t y  th a t  one sex  
may fo r  some reason  be more a c t iv e  under a c e r t a in  s e t  o f  c o n d i t io n s ,  
more than one such sample would be re q u ired ,  p r e fe r a b ly  s e v e r a l .  In  
p r a c t i c e ,  small samples taken in  d i f f e r e n t  a r e a s ,  in  s u f f i c i e n t  number 
should r e v e a l  the  true sex  r a t i o  s in c e  in  a s p e c i e s  w ith  a on e-to -o n e
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sex  r a t i o ,  the p r o b a b i l i t y  o f  capturing  one o f  e i t h e r  sex  would be 
.5 .  This method was used in  the p rese n t  s tudy .
In the p rese n t  s tu d y ,  Natrix  rhom bifera showed no s i g n i f i c a n t  
d i f f e r e n c e  between the exp ec ted  o n e -to -o n e  m ale-fem ale  r a t io  and the  
observed r a t i o  o f  74 males to 67 fem ales  (Table I ) .  S ix t y  young N. 
rhom bifera born a t  the Oklahoma C ity  Zoo had a sex r a t i o  o f  34 fem ales  
to 26 m ales . There i s  no s i g n i f i c a n t  d i f f e r e n c e  from an exp ec ted  one-  
to -one  r a t i o .  In N. e r v th r o g a s te r  a sex  r a t i o  o f  29 males to  50 fem ales  
d i f f e r e d  s i g n i f i c a n t l y  from an expected  o n e -to -o n e  r a t i o .  This sex  
r a t i o  i s  probably an a r t i f a c t  o f  sm all  sample s i z e .
M a t i n g  a n d  C o u r t s h i p  
V e r y  f e w  o b s e r v a t i o n s  w e r e  m a d e  o n  c o u r t s h i p  a c t i v i t i e s  h e n c e  
t h e  w r i t e r  m u s t  r e l y  t o  s o m e  e x t e n t  u p o n  t h e  o b s e r v a t i o n s  o f  o t h e r s .
Only two in s t a n c e s  o f  c o p u la t io n  were reco rd ed ,  one fo r  each s p e c i e s .  
Louis B u ss ja eg er ,  o f  the U n iv e r s i ty  o f  Oklahoma, c o l l e c t e d  a c o p u la t in g  
p a ir  o f  N. e r v th r o g a s te r  in  A p r i l  1967, in  MeCurtain County. The p a ir  
was c o l l e c t e d  in  d a y l ig h t  in  a c u l v e r t .  In the second in s t a n c e ,  Rick  
C o l l i n s ,  a l s o  o f  the U n iv e r s i t y  o f  Oklahoma, observed a c o p u la t in g  
p a ir  o f  N. rhom bifera a t  n ig h t .  May 2 9 ,  1969, in  C leve land  County.
On May 16, 1969 the w r i t e r  observed two N. rhom bifera e sca p in g  
in t o  the w a ter .  One o f  th e s e  cou ld  be i d e n t i f i e d  as a fem ale by the  
s h o r te r ,  narrower t a i l  when i t  emerged on a t r e e  limb near the shore .
T h e  s e c o n d ,  a  m a l e ,  w a s  c a p t u r e d  a  f e w  m i n u t e s  l a t e r .  I t  w a s  a c t i v e l y  
s e a r c h i n g  t h e  a r e a  w h e r e  t h e  t w o  w e r e  l a s t  s e e n  t o g e t h e r .  E v i d e n t l y  
c o u r t s h i p  h a d  b e e n  i n  p r o g r e s s  w h e n  t h e  t w o  s n a k e s  w e r e  d i s t u r b e d .
On A p r i l  30 , 1969 th re e  N. e r v th r o g a s te r  were observed swimming
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a c t i v e l y  about in  sh a llo w  w ater .  They appeared to  pursue one another  
p e r i o d i c a l l y .  As i t  approached sh o re ,  one, a male, was captured.
T his  may have been c o u r t sh ip  a c t i v i t y  as the snakes did not appear 
to be sea r ch in g  fo r  food . T ink le  and Liner (1955) observed s im i la r  
b eh av ior  in  N atr ix  s ipedon  co n flu en s  and concluded th a t  "These aggrega­
t io n s  are probably  p re lim in a ry  to  m ating."
A ccording to  D iener (1 9 5 7 ) ,  N. e r v th r o g a s te r  mates in  e a r ly  
A p r i l  and throughout May in the southern  part o f  i t s  range. He ob­
served  mating in  Arkansas on May 20 .  F ran k lin  (1944) s t a t e s  th a t  the  
b reed in g  season  fo r  N. t a x i s p i l o t a  in  F lo r id a  i s  during the l a t t e r  
p a rt  o f  May. Hurter (1911) r e f e r r in g  to  N. rhom bifera in  M issou r i ,  
s t a t e s ,  "Middle o f  A p r i l  I  found t h i s  ra th e r  v i c i o u s  lo o k in g  snake 
a lr e a d y  mated, l y i n g  on th e  branches o f  sm all  t r e e s  and shrubs 
The b reed in g  p er iod  appears to  be about the same for  both s p e c i e s .
A ccord ing  to  Betz (1963) the g e s t a t i o n  period  fo r  N. rhom bifera  
i s  ap p roxim ate ly  th ree  months in  d u r a t io n .  A snake mating a t  the end 
o f  May, as observed  in  the p rese n t  s tu d y ,  would then g iv e  b ir th  in  the  
l a t t e r  p a r t  o f  August or the f i r s t  p a r t  o f  September, which agrees  
w ith  o b s e r v a t io n s  d is c u s s e d  below.
Young
The time o f  b i r t h  fo r  both s p e c i e s  appears to  be in  the f a l l  
or l a t e  summer. A summary o f  b ir t h  d a tes  o f  water snakes i s  p resented  
in  T able  V II.
In the p r e se n t  s tudy new young o f  N. e r v th r o g a s te r  were found 
in  th e  f i e l d  September 14, 26 and October 3 and 19, A new young N.
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rhom bifera was found by the  w r i t e r  on September 14, 1965 and another  
was examined September 18, 1969.
Data on numbers o f  young born, embryos or eggs found in  fem ale  
N a tr ix  are summarized in  Table V I I I .
P u b lish ed  data on the s i z e  o f  fem ales  and number o f  young born 
or embryos or ova found are  p rese n ted  in  T able IX. I f  the number o f  
young i s  compared w ith  th e  s i z e  o f  the fem ales  (F igure  12) some degree  
o f  c o r r e l a t i o n  i s  e v id e n t ,  the la r g e r  snakes tend ing  to  produce more 
young.
As s t a t e d  e a r l i e r  m a tu r ity  i s  reached by N. rhom bifera fem ales  
a t  two and one h a l f  y ea rs  o f  age (B e tz ,  19 6 3 ).  Data ob ta ined  in  the  
p r e s e n t  study in d i c a t e  th a t  a t  t h i s  age the fem ales  would be a t  l e a s t  
60 cm in  sn o u t -v en t  le n g th  (F igu re  1 ) .  Wright and Wright (1957) g iv e  
th e  s i z e  o f  b reed in g  fem ales  as ran g ing  from 82 to  145 cm in  t o t a l  
l e n g t h .  Examination o f  T able  X w i l l  r e v e a l  th a t  r e l a t i v e l y  few o f  the  
mature fem ales  were g ra v id  a t  th e  same t im e. I t  w i l l  be noted  th a t  
o f  11 fem ales  captured a t  K u l l i  Lake in  1966 none was g ra v id .  I t  
should  be p o in ted  ou t th a t  most o f  th e s e  were c o l l e c t e d  in  A ugust ,  
about one month p r io r  to  p a r t u r i t i o n .  I t  may be th a t  fe m a le s ,  when 
g r a v id ,  tend to  s e c lu d e  th em se lv es  and would hence be l e s s  s u s c e p t i b le  
to cap tu re .  Carpenter (1953b) noted  such a tendency in  Thamnophis.
In 1968 two o f  7 were g ra v id  and in  1969 none o f  6. On the average ,
8 p erc en t  (range: 0 to  2 8 .6  p e r c e n t )  o f  the N. rhom bifera were found 
to  be g ra v id .  From th e  same t a b le  i t  w i l l  be noted th a t  r e l a t i v e l y  few  
mature N. e r v th r o g a s te r  fem a les  were g r a v id ,  the average b e ing  20 p erc en t ,  
w ith  a range o f  0 to  50 p e r c e n t .  Rahn (1942) su g g es ted  a b ie n n e a l  repro-
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Table V II .  B irth  dates  o f  young water snakes (N a t r ix ) .
S p e c ie s Date L o c a l i t y A u th o r ity
N. rhombifera Aug. & Sept.
Sep t.  3 ,  10, 
Aug. 27
Tennessee
Sept. 2 ,  3 ,  8 Oklahoma
S ep t.  9 , M issou ri
Oct. 5




Oklahoma C ity  Zoo 
Anderson (1965)
Wright and Wright 
(1957)
Kennedy (1964)
N. t a x i s p i l o t a  Aug. to  Sept. F lo r id a Franklin  (1944)
N. er v th ro g a s ter  l a t e  Aug. Oklahoma
Sep t.  15, 19, M issou ri  
20, 21, Oct. 2
Sept. 30,  
Oct. 10, 14
S ep t.  & Oct.
l a t e  Aug. to  
Oct.
Ohio




Wright and Wright 
(1957)
41
T a b l e  V I I I .  N u m b e r s  o f  y o u n g ,  e g g s ,  o r  e m b r y o s  o b s e r v e d  i n  N a t r i x ,
S p e c ie s Young Embr. Eggs A u th o r ity
N. rhom bifera 8-62 _ _ Anderson (1965)















- 17 - Carpenter (1958)
62 - - Guidry (1953)
26(1  dead)4 - Kennedy (1964)
18-62 - - Wright and Wright (1957)
- - 10 P resen t  study
- 14 -
N. t a x i s p i l o t a 3 0 -4 0 - - F ran k lin  (1944)







17 - - Carpenter (1958)
- 16 -
I 'about 12" - - Diener (1957)
15-21 - - Wright and Wright (1957)
- - 6 P resen t  study
- - 14
- 32 - Carpenter (unpubl., d a ta )
N. e . e r v th r o g a s te r - - 28 Cagle (1942)
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Table  IX. S iz e  o f  fem ales  and number o f  e g g s ,  embryos or young ob­
served  in  N a tr ix . S t u b - t a i l  i s  in d ic a te d  by ( s t . ) .
S p e c ie s Length (cm) No. eg g s ,  
emb. ,  y n g .
A u th o r ity
N. t a x i s p i l o t a
N. e .  er v th ro g a s ter
N. e . tr a n sv e rsa
1 2 4 .0 30 Cagle (193?)
132.5 42
112.5 30
11 0 .5 28
12 2 .6 31
9 5 .0 26
110.5 31
102.5 22
1 1 0 .0 28
8 5 .0 18
1 2 2 .6 41
11 1 .3 32
121 .2 17
1 0 1 .0 18
1 1 1 .9 13
103 .3 17 Carpenter (1958)
176.3 30 Kennedy (1964)
9 5 .5 14 P re sen t  study
104 .3  ( s t . ) 10
124.5 34 F ran k lin  (1944)
12 8 .5 37
111.4 14 Conant (1938)
1 2 3 .8 27
101.3 16 Carpenter (1958)
144 .5 32 Carpenter (unpubl
























•  N, rhombifera  
O N. tax isp i lo ta  
□  N . e ,  erv throgas ter  
A  N .e . t ran sversa
90 100 110 120 130 140 150 160 170
Total Length (cm)
F iguré  12. R e la t io n s h ip  between len g th  o f  fem ale and number 
or p o t e n t i a l  number o f  o f f s p r i n g .  Three s p e c i e s  
are r e p r e s e n te d .
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Table X. Numbers o f  grav id  mature fem ales  ob served . Females 60 cm in  













N atrix  rhombifera
H o sp ita l  L. 1 - - - - - 2 2 - -
Smith L. - - - ~ - - - - -
K u l l i  L. - - 10 - 1 - 1 - 2 -
0 ther - - 1 - - - 4 - -
T o ta l 1 - 11 - 1 - 7 2 6 -
N a tr ix  e r v th r o e a s te r
H o s p ita l  L. - - - - - - 3 2 1 -
Smith L. - - - - - - - - - -
K u l l i  L. 1 - 3 - 1 - - - 1 1
Other - - - - 2 - 2 - - -
T o ta l 1 - 3 - 3 - 5 2 2 1
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d u c t iv e  c y c le  for  Crota lus v i r i d i s  v i r i d i s  in  Wyoming., based on the 
f a c t  th a t  he found two s ta g e s  o f  mature fem ales in  approxim ately  equal 
numbers, th o se  w ith  la rg e  o v a r ie s ,  w ith  m o t i le  sperm in  the rep ro d u ct iv e  
t r a c t ,  and those  with sm all o v a r ie s  and w ith  no sperm Volsde (1944) 
in  s tu d ie s  on V ip era , found a b ie n n ia l  c y c le  in  northern Europe and an 
annual c y c le  in  the sou th , Klauber (1956) b e l ie v e d  northern r a t t l e ­
snakes to have a b ie n n ia l  rep ro d u ct iv e  c y c le  and the southern r a t t l e ­
snakes to have an annual c y c le  but admitted i n s u f f i c i e n t  ev id en ce .
F i tc h  (1949) found a b ie n n ia l  c y c le  in Crotalus v i r i d i s  oreganus in  
C a l i f o r n i a ,
In th e  p rese n t  study,, the f a c t  th a t  r e l a t i v e l y  few mature f e ­
males were gravid a t  any one time lea d s  the w r it e r  to  su sp e c t  a b ie n n ia l  
c y c le  in  both  o f  the s p e c i e s  s tu d ie d .  One would e x p ec t  approxim ately  
one h a l f  o f  the mature fem ales  to co n ta in  la rg e  ova or embryos a t  a 
g iv en  time in  a b ie n n ia l  c y c le -  However co n s id e r a b ly  l e s s  than h a l f ,  
on the average ,  were observed in  t h i s  c o n d it io n .  In snakes such as 
r a t t l e s n a k e s ,  th a t  congregate  in  la rg e  numbers fo r  h ib e r n a t io n ,  a more 
r e p r e s e n ta t iv e  sample o f  th e  p o p u la t io n  can be o b ta in e d ,  p a r t i c u l a r l y  
on sp r in g  emergence. I t  i s  l i k e l y  th a t  in  th e  p r e s e n t  study many 
gravid  fem ales were m issed ,  perhaps, as su ggested  e a r l i e r ,  due to a 
g r e a te r  tendency toward s e c lu s io n .
M o r ta l i ty
Very l i t t l e  data  on m o r ta l i t y  appears to  be a v a i la b le  for  
snakes in  gen era l I t  i s  to  be exp ec ted , perhaps, th a t  m o r ta l i t y  i s  
h ig h e s t  in  th e  young sn akes .  F i tc h  (1949) es t im ated  th a t  on ly  one
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q u arter  o f  the newborn young C rotalus v i r i d i s  oreganus survived  by the
end o f  the f i r s t  y ea r .  This was b e l i e v e d  to be due mainly to  low a v a i l ­
a b i l i t y  o f  food o f  th e  proper s i z e .  This i s  ex p ec ted ,  perhaps, in  a 
s p e c i e s  r e ly i n g  mainly upon endotherms as prey. In the p resen t  study  
the  q u e s t io n  o f  a v a i l a b i l i t y  o f  p r o p e r - s iz e d  food for young N atr ix  
was l e s s  important in  th a t  f i s h  and fr o g s  appeared to  be g e n e r a l ly  
abundant in  a v a r i e t y  o f  s i z e s .  N e v e r th e le s s  m o r ta l i t y  in  the young 
i s  probably  much h igher  than th a t  in  the a d u lt s  in  th a t  the young are 
more s u s c e p t i b l e  to p red ation
E xcluding snakes found dead on the road, during the course  
o f  the p rese n t  s tu d y , 10 N. rhombifera and 3 N. er y th ro g a ster  were 
found dead (Table X I ) .  I f  th e s e  numbers are compared w ith  the numbers 
o f  snakes captured the  p ercen ta g es  are 7 ,0 9  fo r  N, rhom bifera and 3 ,8 0  
fo r  N. e r y t h r o g a s t e r . No s i g n i f i c a n t  d i f f e r e n c e  was found between  
th e  two s p e c i e s .
Four o f  the 10 N, rhombifera were caught on f i s h  l i n e s .  F ish  
was used as b a i t  in  a t  l e a s t  one c a s e .  Guidry (1953) s t a t e s  th a t  th is
s p e c i e s  i s  caught fr e q u e n t ly  by a n g le r s  on t h e ir  l i n e s .  I t  i s  to  be
ex p ec ted ,  o f  co u rse ,  th a t  a f i s h - e a t i n g  snake would be fr e q u e n t ly  
caught on f i s h  l i n e s  when minnows are used as b a i t .  One N. rhombifera  
was sh o t  by an an g ler  who b e l ie v e d  i t  to  be a "water moccasin".
Not recorded as a ca se  o f  m o r ta l i t y  was a N. e r y th ro g a s ter  
captured  by Harold C leve lan d , o f  the U n iv e r s i ty  o f  Oklahoma, in the  
p resen ce  o f  th e  w r it e r  on February 10, 1966, The snake was basking  on 
dry g ra ss  a t  the w a te r 's  edge. I t  died in  c a p t i v i t y  a few hours l a t e r .  
I t  i s  p o s s ib l e  th a t  the snake had emerged too soon from h ib er n a t io n  and
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Table XI. M o r ta l i ty  o f  N atr ix in  the study a r e a s .
N atr ix  rhom bifera N atr ix  e r v th r o e a s te r
Year Hosp . Smith K u l l i  Mise. T. Hosp . Smith K u l l i  Mise. T. G.T.
1965 2 3 1 6 - 1 1 - 2 8
1966 - 1 - 1 - * - 1
1967 - - - - - “ * - - -
1968 1 - - 1 1 -  -  - 1 2
1969 1 - 1 2 - -  -  - - 2
T o ta l 4 4 1 1 10 1 1 1 - 3 13
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had r e c e iv e d  co ld  damage, b e ing  a lrea d y  i l l  when captured.
I t  was noted  th a t  many in d iv id u a l s  o f  both s p e c i e s  had s tu b -  
t a i l s .  D iener (1957) s u g g e s t s  th a t  t u r t l e s  may be p a r t ly  r e s p o n s ib le .  
In T able X II ,  N. rhombifera and N. e r y th r o g a s te r  are compared w ith  
r e s p e c t  to  th e  p resence  or absence o f  s t u b - t a i l s  The w r ite r  could  
dem onstrate no s i g n i f i c a n t  d i f f e r e n c e  between th e  two s p e c i e s  in  t h i s  
r e s p e c t .  I t  would seem then  th a t  e i t h e r  s p e c i e s  and e i t h e r  sex  o f  
each o f  the two s p e c ie s  i s  e q u a l ly  prone to  t a i l  amputation.
Food H abits
S in ce  snakes th a t  are a c t iv e  are th ose  most l i k e l y  to  be seen  
and cap tu red , the  p ro p o r t io n  o f  snakes c o n ta in in g  food i s  expected  to  
be r e l a t i v e l y  low. I t  i s  the  hungry sn a k e s ,  or th ose  sea rch in g  for  
m ates, th a t  would tend to  be most a c t i v e .  Those th a t  have fed  are  
l i k e l y  to  be more s e c r e t i v e  w h i le  d i g e s t i n g  th e  m e a l , In th e  p rese n t  
s tu d y ,  o f  142 N. rhom bifera examined, 25 (1 7 .6  p erc en t;  con ta in ed  food .  
E leven  o f  79 (1 3 .9  p e r c e n t )  N. e r y th r o g a s te r  examined con ta in ed  food.
In t h e s e  d e term in a tio n s  o n ly  captured snakes were u sed . S ig h t  reco rd s  
were u sed , however, in  d eterm in in g  th e  r e l a t i v e  numbers o f  k inds o f  
prey taken by the two s p e c i e s .
Other w r i t e r s  have recorded  much h ig h er  p ercen tages  o f  snakes 
c o n ta in in g  fo o d .  For N rhom bifera Bowers (1966) found 72 ,3  p ercen t;  
Grading (1 9 6 4 ) ,  30 p ercen t;  Laughlin  (1 9 5 9 ) ,  3 9 .1  p ercen t  and S is k  and 
McCoy (1 9 6 4 ) ,  7 6 .6  p e r c e n t .  Greding (1964) found 2 8 .6  p ercen t o f  the  
N. je. f l a v i g a s t e r  examined by him to  co n ta in  food . I t  must be p o in ted  
o u t ,  however, th a t  the above f ig u r e s  were ob ta ined  by opening stomachs
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T able  X II. P ercen ta g es  o f snakes w ith s t u b - t a i l s from each study  area .
N a tr ix  rhom bifera N a tr ix er y th r o g a s te r
M F T M F T
H o sp ita l  L. 4 0 . 0  22 .2 3 4 .5 1 0 .0 6 ,7 7 .3
K u l l i  L. 1 9 .4  1 0 .8 14 .7 25 0 22 2 2 3 .1
Smith L. - - 16.7 5 0 .0 3 0 .0
Others 2 5 .0  2 0 .0 2 2 .2 2 0 .0 16 .7 18 .2
T o ta ls 2 3 .0  13 ,2 1 8 .3 18 ,5 14 .3 14 .7
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ra th e r  than by forced  r e g u r g i t a t io n .  I t  i s  to be expected th at  small 
remains o f  food items could e a s i l y  be missed by the w r i t e r ' s  method.
Many authors d i s c u s s in g  food h a b it s  o f  the  two s p e c i e s  under 
i n v e s t i g a t i o n  make no sta tem en t on food p re feren ces  o th er  than th a t  
both s p e c ie s  feed  upon fro g s  and f i s h  (Anderson, 1965; Guidry, 1953; 
Raun, 1965; Smith, 1956; S te b b in s ,  1966; S tre ck er ,  1927; Wright and 
W right, 1 957).  C rayfish  are  o f t e n  inc luded  in  the d i e t  o f  N. ery th ro­
g a s te r  . The r e s u l t s  obta ined  in  the p resen t  study are p resented  in  
Table X III .  These data in c lu d e  s ig h t  r e co rd s ,  th a t  i s ,  snakes seen  
w ith  a frog  or a f i s h  in  the mouth. N atrix  rhombifera appeared to  
show a s trong  p referen ce  fo r  f i s h ,  88 .89  percen t o f  th ose  w ith  food  
co n ta in in g  f i s h .  A s i g n i f i c a n t  d i f f e r e n c e  in  food p re feren ce  could  
be demonstrated, favouring  f i s h .  The on ly  other food item  recorded for  
t h i s  s p e c i e s  was ta d p o le s ,  making up the remaining 11.11 p erc en t .
N atr ix  e r y t h r o g a s te r , on the o th er  hand, seemed to p re fer  
am phibians, most o f  which were a d u lt  f r o g s .  However no s i g n i f i c a n t  
d i f f e r e n c e  in  food p re feren ce  o f  fro g s  over f i s h  could be demonstrated.
Other w r it e r s  have found ev id en ce  fo r  s im i la r  food p re feren ces  
in  th ese  two s p e c i e s .  Cagle (1937) found 20 stomachs o f  N. rhombifera  
to  co n ta in  17 f i s h ,  11 p lu s  fr o g s  and one t u r t l e .  Of 9 stomachs o f  
N. t a x i s p i l o t a  (N. rhom bifera) examined by Laughlin  (1959) a l l  conta ined  
f i s h .  Examination o f  49 stomachs o f  t h i s  s p e c i e s  by S is k  and McCoy 
(1964) re v ea led  f i s h  in  46 and amphibians in  6.
Bowers (1966) found amphibians in  more stomachs than contained  
f i s h  but goes on to  p o in t  out th a t  in the sample from a sm all  lake  o n ly  
f i s h  were found, w h ile  the sample from the  minnow ponds con ta in ed  more
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Table X III .  Food re co rd s .  Each record re p r e s e n ts  one snake. The
number o f  s i g h t  rec  
resen ted  by s .
ords inc luded in  the t o t a l  i s rep-
Amphibian
Frog Tadpole T ota l
F ish C rayfish
N atr ix  rhombifera 3 3 24 (2 s ) -
p ercen t 11.11 11.11 8 8 .8 9 -
N atr ix  e r v th r o e a s te r  8 ( I s ) 1 9 3 ( I s ) 1
p erc en t  61.54 7 .6 9 69.23 2 3 .0 8 7 .69
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anurans than f i s h  by volume. I t  may be th a t  the f i s h  in  the minnow 
ponds were too small to be u t i l i z e d  as food by a d u lt  N. rhom bifera . 
hence a h e a v ie r  u t i l i z a t i o n  o f  anurans.
Diener (1 9 5 7 ) ,  in  Kansas, found N. e r y th ro g a s ter  to be mainly  
a frog  e a t e r .  Carpenter (1958) recorded a c r a y f i s h  as a food item  
from t h i s  s p e c i e s ,  in  a d d it io n  to  two more th a t  had ea ten  f i s h .  He 
a l s o  recorded a la r g e  Rana p ip ie n s  ea ten  by a N. rhom bifera . One cr a y ­
f i s h  was found in  a N. e r y th r o g a s te r  in  the p rese n t  study (Table IV ).
In t h i s  i n v e s t i g a t i o n ,  o f  3 f i s h  found as food item s in N. e r y th ro ­
g a s te r  . one was a Lepomis on a s t r in g e r  and in  another ca se  a snake 
was observed going  o f f  a bank in to  the water w ith  a f i s h  in  i t s  mouth.
I t  may w e l l  be th a t  the snake found the f i s h  dead on the bank, as the  
w r it e r  o f t e n  found f i s h  d iscard ed  by fisherm en a long  the sh ores  o f  ponds. 
Carpenter (unpubl. d a ta )  in  1968 found f i s h  in  4 o f  8 N. e r y t h r o g a s t e r . 
One con ta in ed  remains o f  a fr o g  in  a d d i t io n  to a f i s h .
During the course  o f  th e  p r e se n t  study the w r it e r  had o c c a s io n  
to  ob serve  th ree  in s t a n c e s  in  which a N. e r y th r o g a s te r  had j u s t  captured  
a fr o g .  In one ca se  a Rana p i p i e n s , d is tu rb ed  by the  w r i t e r ,  jumped 
in t o  the water and was s e iz e d  by a snake ly in g  under th ic k  v e g e t a t io n  
in  sh a llo w  w ater .  On another o c c a s io n ,  a h a l f  grown Rana c a te s b e ia n a  
was s e i z e d ,  as i t  jumped in to  the w ater ,  by a la r g e  N. er y th ro g a ster  
p a r t ly  con cea led  in  water v e g e t a t i o n .  In the th ird  ca se  d i s t r e s s  c a l l s  
o f  Rana c a te s b e ia n a  were heard coming from shrubbery on th e  shore near 
the  w a te r ’ s edge. I n v e s t ig a t io n  r e v e a le d  th a t  the frog  was in  th e  jaws 
o f  a N. e r y th r o g a s t e r . On y e t  another o c c a s io n  a swimming N. e r y th ro ­
g a s te r  was observed to  s t r ik e  at and miss a frog  as i t  jumped in to  th e
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w ater .  One a ftern oon  in  e a r ly  June 1966, the w r i t e r  observed a N. 
e r y th r o g a s te r  fo r  f i f t e e n  minutes as i t  swam back and fo r th  a long  the 
s h o r e l in e  appearing to  be a c t i v e l y  sea rch in g .  That snake may have been  
sea rch in g  fo r  a mate.
Two o f  the s i g h t  reco rd s  for  N. rhombifera were snakes seen  
w ith  f i s h  in  t h e i r  mouths. One N. rhombifera was captured a t  n ig h t  
w ith  a l i v e  b u llh ead  c a t f i s h  h eld  h e a d f i r s t  in  i t s  mouth. Feeding  
behaviour was observed o n ly  once in  t h i s  s p e c i e s .  A very  young i n ­
d iv id u a l  was observed in  sh a llo w  water a t  n ig h t  swimming in  a c i r c u la r  
motion and was seen  to  snap a t  sm all f i s h .  Other authors  (Bowers,
1966; Evans, 1942) have rep o r ted  s im i la r  behaviour in  t h i s  and in  o ther  
s p e c i e s .  The w r i t e r  observed  a N. rhombifera in  d a y l ig h t  swimming in  
sh a llo w  w ater near shore w ith  head under w ater ,  s u r fa c in g  p e r i o d i c a l l y .
I t  i s  the b e l i e f  o f  the w r it e r  th a t  food reco rd s  c o l l e c t e d  
over a long  time p e r io d ,  as in  the p resen t  s tu d y ,  are more l i k e l y  to  
be an a ccu ra te  i n d i c a t io n  o f  food p re feren ce  than th o se  c o l l e c t e d  from 
a la r g e  sample taken in  a l im i t e d  time period  such as one n ig h t ,  as in  
the ca se  o f  some o f  th e  r e p o r t s  c i t e d  e a r l i e r .  Such c a se s  may in d ic a t e  
a p a r t i c u la r  p r e fere n c e  m erely  because th a t  p a r t i c u la r  prey s p e c i e s  i s  
p a r t i c u l a r l y  a v a i l a b l e  a t  th a t  t im e . An example would be f i s h  trapped  
in  a drying  puddle . Burghardt (1968) has shown th a t  the newborn o f  3 
s p e c i e s  o f  N a tr ix  e x h ib i t e d  a d i f f e r e n c e  in  chem ical p r e fe r e n c e .  Natrix  
_s. s ipedon  responded o n ly  to  f i s h  and amphibian e x t r a c t s ,  and N. grahami 
and N. s e p te m v it ta ta  o n ly  to c r a y f i s h  e x t r a c t s .  S im ila r  t e s t s  p er­
formed on N. rhom bifera and N. er y th ro g a ster  may in d ic a t e  a d i f f e r e n c e  
in  chem ical p re fe r e n c e .
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H abitat
The name "water snake" s u g g e s t s  an a q u a t ic  snake and most 
North American N atr ix  are a q u a t ic  to some e x t e n t .  D iener (1957) com­
ments th a t  N. rhom bifera are more a q u a t ic  than N, e r y t h r o g a s t e r . When 
the p r e se n t  data for  the two s p e c i e s  are compared w ith  r e s p e c t  to  
whether they were seen  or captured in  or out o f  the w a ter ,  N. rhom bifera  
appears to  be the most a q u a t ic  (Table XIV). O bservations  made on 
snakes out o f  the water in c lu d e  th ose  basking on the sh o re ,  basking  
in  t r e e s ,  and found under o b j e c t s  a long the sh o re .  N atr ix  er y th r o ­
g a s te r  was seen  or captured as o f t e n  out as in  the w a ter .  Conant 
(1934, 1938) found N. _e. e r y th r o g a s te r  as far  as 200 yards from w a ter .
The p o s i t io n  in  the h a b i t a t  where each snake was observed or 
captured (o th er  than in  or out o f  w a te r )  in d ic a t e s  th a t  both s p e c i e s  
were observed  more f r e q u e n t ly  in  a reas  o f  v e g e t a t io n a l  cover than in  
areas bare o f  v e g e t a t io n  (Table XV). This i s  to  be expected  in  th a t  
snakes in  g en era l  tend to be s e c r e t i v e .
N a tr ix  rhom bifera freq u en ted  t r e e s  more o f t e n  than N. e r y th ro ­
g a s t e r , and o c c a s io n a l l y  occurred  as h igh  as 10 f e e t  above the w a te r .
The limbs on which the snakes basked g e n e r a l ly  overhung the w ater .
O ften , in d iv id u a l  t r e e s  appeared to be p r e fe r r e d .  Carr (1940) com­
ments th a t  N. t a x i s p i l o t a  i s  the most arb orea l  w ater snake in  F lo r id a  
and th a t  he has seen  them 25 f e e t  above the w a ter .
On o n ly  two o c c a s io n s  was N. e r y th r o g a s te r  observed  in  t r e e s ,  
and then c l o s e  to the w ater l i n e .
N atr ix  e r y th r o g a s te r  was found more fr e q u e n t ly  under o b j e c t s  
such as boards, l o g s ,  ro c k s ,  dead l e a v e s  and l i t t e r  than was N. rh o m b ifera .
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Table XIV. Snakes observed in  or out o f  water.
N atrix r tiombif er a N atr ix e r v th r o e a s te r
Number P ercen t Number Percent
In water 195 67 .01 79 50.64
Out o f  water 96 3 2 .9 9 77 4 9 .3 6
T o ta ls 291 100 156 100
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Table XV. Where s nakes were observed in  the h a b i ta t .
N a tr ix  rhombifera N atr ix er y th r o g a s te r
Number P ercent Number P ercent
Cover ( v e g e ta t io n ) 62 38 .99 50 4 0 .0 0
No cover 42 26 .42 28 2 2 .4 0
In stream 2 1 .2 6 - -
On o b je c t  in  water 8 5.03 2 1 .6 0
In t r e e  or  shrub 19 11.95 2 1 .6 0
Under o b j e c t s 23 14.47 39 3 1 .2 0
On pavement (road) 3 1 .8 9 4 3 .2 0
T ota l 159 125
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I t  may be th a t  the l a t t e r  s p e c ie s  tends more to sec lu d e  i t s e l f  in  h o le s  
and th e r e fo r e  i s  not so r e a d i ly  observed in  t h i s  s i t u a t i o n .
The r e l a t i v e  abundance o f  the two s p e c i e s  may change w ith  time 
in a g iv en  lake as in d ic a te d  at H o sp ita l  Lake (Table I I ) .  I t  may 
w e l l  be th a t  t h i s  apparent change in  r e l a t i v e  abundance i s  merely an 
a r t i f a c t  o f  sm all sample s i z e .  However in  H o sp ita l  Lake there has been 
a change in  the h a b i ta t  w ith  r e s p e c t  to water l e v e l .  The lake was ex ­
trem ely  low in  1965, th e  water l e v e l  g ra d u a lly  in c r e a s in g  u n t i l  sp r in g  
1969, when i t  was h ig h e s t .
The change in  abundance, on the o th er  hand, may be f o r t u i t o u s ,  
depending upon a tendency to wander. This w i l l  be d is c u s s e d  below.
A s s o c ia te d  S p e c ie s  
P redators
The o n ly  observed r e s u l t s  o f  p red a tio n  were th ose  snakes found 
k i l l e d  by humans, a lrea d y  d isc u sse d  under m o r t a l i t y .  In some in s t a n c e s  
th ese  were unavoidably  k i l l e d  when caught on f i s h  l i n e s .  However, 
oth er  p red ators  were observed in  the s tudy a r e a s .
Racoon track s  were fr e q u e n t ly  seen  a long  the sh o r e s .  I t  i s  
p o s s ib l e  th a t  th e se  may prey to some e x te n t  upon the young sn akes .
Green herons (B u torid es  v i r e s c e n s ) were commonly observed in  th e  study  
a r e a s ,  p a r t i c u l a r l y  a t  H o sp ita l  Lake. Yellow-crowned n ig h t  herons  
(N yctanassa v i o l a c e a ) and l i t t l e  b lu e  herons (F lo r id a  c a e r u le a ) were 
l e s s  fr eq u e n t .  I t  i s  u n l ik e ly  th a t  any o f  th ese  b ir d s  would feed  on 
any but the s m a l le s t  sn akes .
I t  i s  p o s s ib l e  th a t  la r g e  snapping t u r t l e s  (Ghelydra s e r p e n t in a )
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may o c c a s io n a l l y  prey upon the younger snakes. Many a d u lt s  o f  both  
s p e c i e s  are s t u b - t a i l e d  and i t  has been su g g ested  th a t  t u r t l e s  may, 
at l e a s t  in  part be r e s p o n s ib le  (Diener 1957).  Burkett (1966) r e p o r ts  
two samples o f  46 cottonmouths (A gkistrodon  p i s c i v o r u s ) which con ta in ed  
remains o f  N. e r y th r o g a s te r and one an u n i d e n t i f i e d  N a t r ix . Of the  
areas  s tu d ie d ,  cottonmouths were seen  on ly  a t  K u l l i  Lake. McGrew 
(1963) found 8 j u v e n i le  N. rhom bifera in  the stomach o f  a channel c a t ­
f i s h  ( I c ta lu r u s  p u n cta tu s ) .
Com petitors
Any s p e c i e s  u t i l i z i n g  f i s h  or fr o g s  as food could  be regarded  
as competing w ith  the two snakes in  q u e s t io n .  The th ree  predatory  
b ir d s  p r e v io u s ly  d isc u sse d  may in  t h i s  r e s p e c t  be regarded as com­
p e t i t o r s  as w e l l  as p red a to r s .  However each o f  th e s e  b ir d s  has a 
v a r ie d  d i e t ,  probably more so than the two sn a k es ,  hence co m p e tit io n  
would tend to be reduced. The o n ly  o b se r v a t io n s  o f  u t i l i z a t i o n  o f  the  
same food as N a tr ix  recorded by the w r i t e r  in c lu d e  Coluber c o n s t r i c t o r  
and Thamnophis proximus, both  observed  e a t in g  leopard fr o g s  (Rana 
p i p i e n s ) .  These two s p e c i e s  were o f t e n  seen  a t  H o sp ita l  Lake and a t  
th e  Wanette  s tudy  area .
Other snakes observed in  the study areas in c lu d e  N a tr ix  grahami 
and Opheodrys a e s t iv u s  a t  H o sp ita l  Lake, S is t r u r u s  m i l ia r iu s  and A g k is ­
trodon c o n to r tr ix  a t  Smith Lake, Elaphe o b s o le t a  in  the Wanette  study  




In a d d i t io n  to  th ose  d is c u s s e d  under food h a b i t s ,  s e v e r a l  o ther  
s p e c i e s  o f  fr o g s  were abundant in  the study a r e a s .  A c r is  c r e p ita n s  
was abundant in  a l l  s tudy areas  and was recorded as food in  s e v e r a l  
young ^ . ^ry^thr^g^s^t^^• In K u l l t  Lahe, m  addtti.cn  to  the s p e c te s  
mentioned above, Rana c la m ita n s . Hyla v e r s i c o l o r , M icrohyla c a r o l i n e n s i s  
and Bufo woodhousei f o w le r i  x v e la t u s  were abundant, p a r t i c u l a r l y  dur­
ing  t h e i r  r e s p e c t i v e  breed in g  s e a s o n s .
A few o th e r  s p e c i e s  o f  u n c e r ta in  e c o l o g i c a l  r e l a t i o n s h i p  to  
N atr ix  were observed  in  the stu d y  a r e a s .  Muskrats (Ondatra z i b e t h i c u s ) 
were f r e q u e n t ly  seen  in  H o sp ita l  Lake. Old burrows o f  t h i s  s p e c i e s  
could  p o s s ib l y  be used as h id in g  p la c e s  or perhaps as h ib e r n a c u la .
T u r t le s  o f  s e v e r a l  s p e c i e s  but mainly Pseudemys and Ghelydra were  
abundant in  most a r e a s .  K inosternon  f la v e s c e n s  were o c c a s io n a l l y  ob­
served  in  H o s p ita l  Lake and K inosternon  subrubrum appeared to  be common 
in  K u l l i  Lake. Young t u r t l e s  could  p o s s ib ly  be u t i l i z e d  as food by 
N a tr ix . L iza rd s  o f  the s p e c i e s  Lygosoma l a t é r a l e , Crotaphytus c o l l a r i s , 
and Hirvnc.noma cornutum were commonly observed a lon g  th e  sh o res  o f  
H o sp ita l  Lake. The former two s p e c i e s ,  e s p e c i a l l y  th e  second , were  
f r e q u e n t ly  under boards. These could  p o s s ib l y  f a l l  prey to  N a t r i x .
Temperature R e la t io n s
The c l o a c a l  tem peratures o f  33 N. rhom bifera were compared w ith  
th o se  o f  24 N. e r y th r o g a s te r  (F igure 1 3 ) .  The mean c l o a c a l  tem perature  
o b ta in ed  fo r  N. rhom bifera was 2 7 .4 6  C, w ith  a range o f  19 .3  to 3 2 .0  C 
and th a t  fo r  N. e r y th r o g a s te r  was 2 6 .4 5  C, w ith  a range o f  2 2 .0  to  3 2 .0  C.
Not r i x  rhombi fera  
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F ig u re  13. C lo a c a l  tem perature in  r e l a t i o n  to  p ercen ta g e  o f  the number o f  bo th  a c t i v e  
and i n a c t i v e  snakes ca p tu re d .
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There i s  a s i g n i f i c a n t  d i f f e r e n c e  between the two. These d a ta ,  how­
e v e r ,  in c lu d e  apparen tly  in a c t i v e  as w e l l  as a c t iv e  snakes. Further  
comparison was made u s in g  data  from a c t iv e  snakes o n ly  (Figure 1 4 ) .  
Snakes basking when f i r s t  see n ,  or h id in g  under o b je c t s  were assumed 
to be i n a c t i v e  and were om itted  from t h i s  f i g u r e .  For 21 a c t iv e  N. 
rhombifera the mean c lo a c a l  temperature was 28 .51  C, w ith  a range o f  
2 4 .0  to 3 1 .0  C and for 14 a c t iv e  N. e r y th r o g a s te r  was 27 .02  C, w ith  a 
range o f  2 2 ,0  to 3 2 .0  C. Here no s i g n i f i c a n t  d i f f e r e n c e  could be 
demonstrated. However, N. rhombifera a p paren tly  p r e f e r s  a s l i g h t l y  
h igher  body temperature than does N e r y t h r o g a s t e r .
B rattstrom  (1963) c i t e d  a mean o f  2 6 .9  C, w ith  a range o f  
2 5 .8  to  2 9 .8  C for 6 N. rhombifera and a mean o f  2 9 .0  C for  4 N. 
e r y t h r o g a s t e r . I t  i s  l i k e l y  th a t  h i s  samples were too  sm all to  g iv e  
an accurate  in d ic a t io n  o f  the  p re ferr ed  body tem perature.
Again u s in g  data  from a c t iv e  snakes o n ly ,  captured in  the  
w a ter ,  the two s p e c ie s  were compared. N in eteen  N. rhom bifera had a 
mean c lo a c a l  temperature o f  28 .7 3  C, w ith  a range o f  2 4 .0  to 3 0 .5  C. 
The mean a i r  temperature was 24 .8 5  C, w ith  a range o f  1 7 .6  to 2 7 .3  C 
and th a t  o f  the water was 29 .67  C, w ith  a range o f  2 4 .6  to 3 2 .2  C. 
Fourteen N. e r y th r o g a s te r  had a mean c l o a c a l  temperature o f  27 .02  C, 
w ith  a range o f  2 2 .0  to  3 2 .0  C, The mean a i r  temperature was 26 .04  C, 
w ith  a range o f  2 2 ,4  to 2 9 .2  C and the mean w ater temperature was 
2 7 .7 3  C, w ith  a range o f  2 2 .3  to  3 1 .8  C. S in ce  the snakes were in  
the water when captured i t  i s  the water temperature th a t  should be 
co n s id ered  as the most important o f  the environm ental tem peratures.
I t  i s  noted th at  the c l o a c a l  temperatures o f  snakes captured in  the
25
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F ig u re  14. C lo a ca l  tem perature in  r e l a t i o n  to  the p e r c e n ta g e  o f  the  number o f  a c t i v e  snakes  
c a p tu r e d .
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w ater are nearer to the water tem peratures than to the a ir  temperatures  
(Table XIV).
A c t i v i t y  P er iods
Wright and Wright (1957) c i t e  the sea so n a l  a c t i v i t y  p er iod  
o f  N. e .  t r a n s v e r s a  as b eg in n in g  as e a r ly  as March 24 in  Kansas and 
ex ten d in g  as l a t e  as November 26 in  Texas, and th a t  o f  N. rhombifera  
as ex ten d in g  from March 24 to  September 23 . One in d iv id u a l  o f  N. 
e r y th r o g a s te r  was seen  by th e  w r i t e r  on February 10, 1966. Diener  
(1957) observed  t h i s  s p e c i e s  f i r s t  in  th e  middle o f  March, 1955 and 
1956.
One N. rhom bifera  was captured by the w r i t e r  as l a t e  as Novem­
ber 5 in  C leveland  County. Both s p e c i e s  may tem p orar ily  emerge from 
h ib e r n a t io n  to  bask during warm w in ter  d ays ,  however in  the s t r i c t  
s e n s e ,  t h i s  could h ard ly  be regarded as p a r t  o f  th e  a c t i v i t y  p er io d .  
N e i l l  (1948) r e p o r ts  th a t  r i s i n g  w ater in  Georgia w i l l  br ing  o u t  N. 
t a x i s p i l o t a  in  numbers to  bask on t r e e  b ra n ch es ,  r e g a r d le s s  o f  the  
tem perature. A f te r  hav ing  "thawed out" th ey  d isa p p ea r .
The se a s o n a l  a c t i v i t y  period  fo r  the two s p e c i e s  in  c e n tr a l  
Oklahoma appears t o  b eg in  in  e a r ly  to  mid A p r i l  and ends mid to  l a t e  
O ctober, depending upon the w eather .
A f t e r  emerging from h ib e r n a t io n  th e  snakes appear to  be 
d iu r n a l ,  spending most o f  t h e i r  time b a sk in g .  As th e  n ig h ts  become 
warmer they  become a c t iv e  a t  n ig h t .  The w r i t e r  has observed both  
s p e c i e s  a c t i v e  a t  n ig h t  as e a r ly  as mid A p r i l  and in  l a t e  September in  
so u th e a s te r n  Oklahoma. On th e  b a s i s  o f  tem perature r e l a t i o n s  d isc u sse d
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Table XVI. Comparisons o f  c lo a c a l  and environm ental tem peratures .  
Temperatures are in  d egrees  C e l s iu s .
No. Mean Range
N a tr ix  rhom bifera  
A c t iv e  snakes, captured in water : 
C loaca l 19 2 8 .6 0 2 4 .0 3 0 .5
A ir 18 2 4 .8 5 17 .6 - 2 7 .3
Water 19 2 9 .6 6 2 4 .6 - 3 2 .0
I n a c t iv e  snakes (c a p t .  mainly ou t o f  w a ter ):
C lo a ca l  12 25 .77 19.3 3 2 .0
A ir 12 24 .57 1 7 .9 - 2 9 .8
Water 10 2 6 .4 0 2 0 .0 - 3 2 .0
S u b s tr a te 8 2 5 .1 4 2 0 .1 - 3 3 .2
A l l  snakes: C loaca l 33 2 7 .4 6 19 ,3 - 3 2 .0
N atr ix  e r y th r o g a s te r  
A c t iv e  sn akes ,  captured  in water : 
C lo a ca l 14 2 7 .0 2 2 2 .0 3 2 .0
A ir 14 2 6 .0 4 2 2 .4 - 2 9 .2
Water 14 2 7 .73 2 2 .3 - 3 1 .8
I n a c t iv e  snakes (c a p t .  out o f  w a t e r ) : 
C lo a ca l 10 2 5 ,7 6 2 2 .8 3 1 .0
A ir 9 2 6 .7 0 2 2 .3 - 2 9 .9
Water 7 2 8 .1 6 1 9 .9 - 3 3 .6
S u b s tr a te 9 2 5 .3 0 2 2 .6 - 2 8 .8
A l l  snakes: C loaca l 24 2 6 .4 5 2 2 .0 - 3 2 .0
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p r e v io u s ly  i t  i s  to be expected  th a t  N. e r y th r o g a s te r  would tend to  
b eg in  i t s  a c t i v i t y  period  s l i g h t l y  b e fo r e  N. rhombifera and end i t  
s l i g h t l y  l a t e r .
A n a ly s is  o f  capture and s i g h t  reco rd s  seems to  in d ic a t e  that  
_N. e r y th r o g a s te r  tends to be more d iu rn a l  than n o c tu r n a l , and the  
a c t i v i t y  o f  N. rhombifera appears to  be more or l e s s  e q u a l ly  d i s ­
turbed between day and n ig h t .  Of the N. e r y t h r o g a s te r , 69 ,81  percent  
were seen  or captured during d a y l ig h t  as compared to  4 5 ,9 5  p ercen t of  
the N. rh om b ifera .
Movements
S in ce  in  th e  e a r ly  part o f  th e  s tudy snakes captured a t  n ig h t  
were p ro cessed  and r e le a s e d  a l l  a t  once a t  th e  same l o c a t i o n ,  move­
ment data  were ob ta in ed  from r e l a t i v e l y  few r e c a p tu r e s .  T^ese data  
are p r e s e n t e d , in . Table XVII. E ig h t N. rhom bifera moved an average  
o f  637 f e e t ,  w ith  a range o f  0 to 1200 f e e t  and 6 N. e r y th r o g a s te r . 
an average  o f  483 f e e t ,  w ith  a range o f  0 to  900 f e e t .  A n a ly s is  o f  
v a r ia n c e  r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e  between the two sp e c ie s  
w ith  r e s p e c t  to  d is t a n c e  moved.
When th e  sex e s  are co n s id ered  s e p a r a t e ly ,  3 fem ale N. rhombifera  
moved an average  d is t a n c e  o f  331 f e e t ,  w i th  a range o f  0 to  600 f e e t  
and 5 males,moved an average  o f  820 f e e t ,  w ith  a range o f  400 to 1200 
f e e t .  Four N. e r y th r o g a s te r  fem ales move 525 f e e t  on the average ,  w ith  
a range o f  0 to  900 f e e t  and 2 males moved an average o f  400 f e e t ,  
w ith  a range o f  0 to 800 f e e t .  F i tc h  (1949) found th a t  C rotalus  
v i r i d i s  oreganus males in  C a l i f o r n ia  tended to move g r e a te r  d is ta n c e s
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Table XVII. D is ta n ces  moved by the sn akes ,  arranged in  order o f  in ­
c r e a s in g  time i n t e r v a l .  The h ib e r n a t io n  per iod  (Nov. to 
Mar. i n c l u s i v e )  i s  excluded from th e  number o f  a c t iv e  
days.
Sex Area Time in t e r v a l A c t iv e
Days
D ista n ce
( f e e t )
N atr ix  rhombifera
M. H o sp ita l  L. May 2 9 /6 8  - June 3 /6 8  (dead) 5 400
M H o sp ita l  L. Apr. 15 /69  - May 14/69 29 1200
M K u l l i  L. Aug. 6 /66  -  Sept. 17/66 42 1000
M K u l l i  L. Aug. 6 /6 6  -  S ep t.  17 /66 42 1000
M K u l l i  L. J u ly  9 /66  -  S ep t .  17 /66 70 500
F Smith L. S ep t .  9 /65  -  May 11/66 93 0
F K u l l i  L. J u ly  1 /67  -  J u ly  2 /6 8 215 600
F K u l l i  L. J u ly  9 /66  -  J u ly  19/67 224 400
Mean 637
N atr ix  er y th ro g a ster
M H o sp ita l  L. Apr. 17 /68  -  May 1 /68 14 0
M H o sp ita l  L. May 1 /6 9  -  June 9 /69 39 800
F H o sp ita l  L. Aug. 6 /65  -  Aug. 11 /65 5 600
F H o sp ita l  L. S ep t .  14/67 - S ep t.  26 /67 12 0
F H o sp ita l  L. Aug. 11 /65  -  S ep t .  10/65 30 900
F H o sp ita l  L. June 3 /6 8  - Oct. 29 /68 148 600
Mean 483
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than  did the fem a les .  P reston  (1964) made s im i la r  o b serv a t io n s  on the  
same s p e c i e s  in  B r i t i s h  Columbia- This tendency has been observed  
a l s o  in  a number o f  o th er  s p e c i e s :  A gk istrodon  c o n t o r t r i x . (F i tc h ,  
1960); Coluber c o n s t r i c t o r , (F i tc h ,  1963a); Elaphe o b s o l e t a . (F i tc h ,  
1963b); Thamnophis s i r t a l i s . (F i t c h ,  1965); Thamnophis s a u r i t u s , (Car­
p e n te r ,  1932a).  This g r e a te r  wandering tendency in  males i s  perhaps 
l in k ed  c l o s e l y  w ith  th e  search for  m ates.
I t  was noted above th a t  fo r  N atr ix  e r v th r o g a s te r the average  
d is t a n c e  moved by males was exceeded by th a t  moved by fem a les .  In  
Figure 15 the snakes are  c l a s s i f i e d  accord in g  to  s i z e  as w e l l  as to  
s p e c i e s .  I t  w i l l  be noted th a t  the la r g e r  snakes o f  both s p e c i e s  
tended to move g r e a te r  d is ta n c e s  on the average .  The N. ery th ro g a s ter  
fem ales  recap tu red  belonged to a la r g e r  s i z e  c l a s s  than did the m ales.  
P resto n  (1964) observed  a s im i la r  r e la t i o n s h i p  between s i z e  and 
d is t a n c e  moved in  C rota lus v i r i d i s .
I t  may be expected  th a t  th e  d is t a n c e  t r a v e l l e d  would tend  
to  in c r e a s e  w ith  in c r e a s e  in  th e  time in t e r v a l  between ca p tu re s .  Such 
a tendency has been observed in  Thamnophis (C arpenter, 1952a; F i tc h ,  
19 6 5 ) .  However, i t  has been demonstrated by many authors th a t  snakes  
tend to remain in  a l im i t e d  area  (C arpenter, 1952a; F i t c h ,  1949, 1960,  
1963a, 1963b; P l a t t  1969; P resto n ,  1964; S t i c k e l  and Cope, 19 4 7 ) .  Car­
p en ter  proposed the term " a c t i v i t y  range" to r e f e r  to  t h i s  a rea .  The 
data  ob ta ined  in  the p r e se n t  study (Table XVII) i n d ic a t e  no c o n c lu s iv e  
ev id en ce  o f  a tendency in  N atr ix  to t r a v e l  g r e a te r  d is t a n c e s  w ith  in ­
cr e a s e  in  time i n t e r v a l .
When th e  numbers o f  reca p tu res  are compared on a percentage
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N ofrix rhombifera



















Snouf -venf  Length (cm)
Figure 15. R e la t io n s h ip  between d is ta n c e  t r a v e l l e d  and s i z e
c l a s s .  Males are rep r esen te d  by m, and fem ales by f .
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b a s i s  w ith  th ose  fo r  o th er  s p e c i e s  (Table X V III) ,  i t  i s  ev id en t  th a t  
g r e a te r  reca p tu re  s u c c e s s  was a t t a in e d  when traps  were u sed .  The
s u c c e s s  o f  P reston  (1964) and Woodbury (1951) may be a t t r ib u te d  to
th e  f a c t  th a t  most o f  the snakes were recap tu red  a t  the h ib ern a t in g  
dens in  both sp r in g  and f a l l .
No s i g n i f i c a n t  d i f f e r e n c e  in  re c a p tu r e s  could  be demonstrated  
between the two s p e c i e s  o f  N a t r i x . The low in c id e n c e  o f  recap tu res  
in  both s p e c ie s  may be due to movement from one la k e  or pond to
another o u t s id e  the s tudy  area .  The w r i t e r  i s  convinced  th a t  t h i s
f r e q u e n t ly  happens. In th e  sp r in g  o f  1969 a g r e a t  many N. e r y th r o g a s te r  
were observed on the same day a long  th e  dam o f  th e  Stone Pond in  the  
Wanette s tu d y  area .  L a ter ,  during the summer few were s e e n ,  N. rhombife r a  
b e in g  the more commonly observed s p e c i e s .  This ca u ses  the  w r it e r  to  
wonder i f  N. e r y t h r o g a s t e r , b e in g  somewhat l e s s  a q u a t ic  than the o th e r ,  
tends to  wander f a r t h e r .  One N. rhom bifera  moved a d is t a n c e  o f  1200  
f e e t ,  from the  la r g e  H o sp ita l  Lake to  th e  sm all  la k e .  However, th ese  
la k e s  are im m ediate ly  a d ja c e n t ,  b e in g  sep arated  by o n ly  a dam. Move­
ment between th e  two i s  undoubtedly a common o cc u r ren ce .  T in k le  
(1957) r e f e r r i n g  to Thamnophis s a u r i t u s , s t a t e s ,  "The major fa c to r  
r e s p o n s ib le  fo r  the p a u c ity  o f  r e c a p tu r e s  i s  co n s id ered  to be ex ten ­
s i v e  movement o f  th e  sn a k e s ."  Carpenter (1952a) p r e s e n t s  ev id en ce  to  
th e  co n tr a ry ,  th a t  movement by t h i s  s p e c i e s ,  and two o th e r s  s tu d ied  
by him, i s  l im i t e d .
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T able  XVIII. P ercen tage  o f  N atr ix  recap tu red  compared to  th a t  for, 
o th e r  s p e c i e s .  X i n d i c a t e s  th a t  trapp ing  methods were 
u sed .  No. in c lu d e s  t o t a l  o f  ca p tu re s  and r e ca p tu res .
S p e c ie s No. R ec . % Tr, A u th o r ity
N a tr ix  rhom bifera 122* 16 13 .1 P resen t stu d y
N a tr ix  e r y th r o g a s te r 67* 6 9 .0 P resen t  study
C rota lu s  v i r i d i s  oreganus 1010 78 7 .7 F i tc h  (1949)
C rota lus  v i r i d i s  lu t o s u s 2010 1080 5 3 .7 X Woodbury (1951
M a st lco p h is  ta e n ia tu s  t a e n ia tu s 1075 443 4 1 ,1 X
Coluber c o n s t r i c t o r  mormon 155 28 18 .1 X
P itu o p h is  c a t e n i f e r  d e s e r t i c o l a 40 4 1 0 .0 X
Thamnophis s a u r i t u s  proximus 31 8 2 5 .8 T in k le  (1957)
A gk ls trod on  c o n t o r t r ix 2018 486 2 4 .1 X F i tc h  (1960)
Coluber c o n s t r i c t o r 1688 668 3 9 .6 X F itc h  (1963a)
467 IOC 2 2 .7 X
Elaphe o b s o l e t e  o b s o l e t e 516 157 4 3 .7 X F itc h  (1963b)
C ro ta lu s  v i r i d i s  oreganus 222 123 5 5 .4 X P reston  (1964)
Thamnophis s i r t a l i s 1354 257 1 9 .0 X F itc h  (1965)
812 151 1 8 .6 X
Heterodon n a s ic u s 314 73 2 3 .2 X P l a t t  (1969)
Heterodon p la tv r h in o s 144 20 1 3 .9 X
Carpenter (p e r s .  comm.) had about 25 p erc en t  reca p tu re  o f  each o f  
Thamnophis s i r t a l i s . T. s a u r i t u s  and T . b u t l e r i .
^ ex c lu d in g  snakes  found dead or r e ta in e d  in  c a p t i v i t y ,  and th e r e ­
f o r e  n o t  a v a i l a b l e  fo r  r e c a p t u r e .
CHAPTER IV 
DISCUSSION AND CONCLUSIONS
The primary o b je c t  o f  the p resen t  study was to  demonstrate  
an e c o lo g i c a l  d i f f e r e n c e ,  i f  such e x i s t e d ,  between N a tr ix  rhombifera  
and N atr ix  e r y th r o g a s te r  where they  occur to g e th er  in  la k e s  and ponds 
in  Oklahoma. Of the f a c to r s  i n v e s t i g a t e d ,  food p r e fe r e n c e s ,  degree  
o f  aq u atic  t e n d e n c ie s ,  and temperature to le r a n c e  appear to  be the most 
important in  s ep a ra t in g  th e  two s p e c i e s  e c o l o g i c a l l y .
N a tr ix  er y th r o g a s te r  tends to  be l e s s  a q u a t ic  than does N. 
rh om b ifera . O bservations o f  o th er  authors support the ev id en ce  ob­
ta in ed  in  th e  p resen t  s tu d y . The more t e r r e s t r i a l  h a b i t  o f  t h i s  
snake may h e lp  to e x p la in  why i t  ranges fa r th e r  w est  in  d i s t r i b u t i o n  
than does N. rh om bifera . The w estern  p a r t  o f  Oklahoma, fo r  example,  
i s  more a r id  than the e a s t e r n  p a r t ,  due to  lower p r e c i p i t a t i o n .
However, the w estern  d i s t r i b u t i o n  o f  N. e r y th r o g a s te r  could  
be exp la ined  a ls o  by a to le r a n c e  o f  lower a c t i v i t y  tem peratures ,  s in c e  
in  the w estern  p art  o f  i t s  range t h i s  snake occurs  on the h igh  p la i n s ,  
which are noted  fo r  g r e a te r  extrem es o f  tem perature. The more northern  
l i m i t  o f  d i s t r i b u t i o n  o f  N. e r y th r o g a s te r  and i t s  occurren ce  a t  h igher  
e l e v a t io n s  has a lrea d y  been n o ted .  I t  i s  most l i k e l y  th a t  to le r a n c e  
o f  lower temperatures and more t e r r e s t r i a l  h a b i t s  a c t  in  con ju n ct io n
71
72
to  en ab le  a more westward e x t e n s io n  o f  the range o f  t h i s  s p e c i e s .
Food p r e fe r e n c e s  may be c l o s e l y  l in k ed  w ith  the occurren ce  o f  
N. e r y th r o g a s te r  in  more a r id  a re a s .  Data ob ta ined  in  the p rese n t  
stu d y  support the o b se r v a t io n s  o f  o th er s  th a t  N. e r y th r o g a s te r  i s  p r i ­
m a r ily  a f r o g - e a t e r .  Frvgs are l e s s  a q u a t ic  than f i s h ,  but must re tu rn  
to  the water to b reed . Breeding, however, can occur in  i s o l a t e d  water  
so u rce s  i n a c c e s s i b l e  to f i s h ,  p rov id in g  a source o f  food fo r  a fr o g -  
e a t in g  snake, where th ere  would be no food fo r  a f i s h - e a t e r .  N atr ix  
rh o m b ifera . a l s o ,  has been observed to  e a t  fr o g s  and ta d p o le s .  In the  
Wanette s tudy a re a ,  two o f  th e  ponds, the Stone Dam Pond and the Small 
Pond, conta ined  no f i s h .  B u l l f r o g s ,  however, were abundant, and N. 
rhom bifera were fr e q u e n t ly  observed  a t  th e s e  ponds, a t  l e a s t  as o f t e n  
as N. e r y t h r o g a s t e r . I t  i s  probably not food then th a t  l i m i t s  the d i s ­
t r ib u t io n  o f  N. rhom bifera . but more l i k e l y  narrower tem perature p r e f ­
eren ces  and more a q u a t ic  h a b i t .
I t  i s  to  be expected  th a t  a s p e c i e s  o ccu r in g  over  a wider  
range and tend ing  to  be l e s s  r e s t r i c t e d  to  water than another s p e c i e s  
would have a g r e a te r  tendency to  wander. Movement d a ta ,  however, do 
n o t  support t h i s  prem ise ,  perhaps because o f  i n s u f f i c i e n t  r e ca p tu res .  
However i n v e s t i g a t i o n s  were n o t  ca r r ie d  out a t  any g r e a t  d is t a n c e  from 
w a ter .  There were some in d ic a t io n s  o f  g r e a te r  wandering te n d en c ie s  
on th e  p art  o f  N. e r y t h r o g a s t e r . A s l i g h t l y  lower p ercen tage  o f  r e ­
c a p tu r e s  fo r  N. e r y th r o g a s te r  than fo r  N. rhombifera may in d ic a t e  more 
e x t e n s iv e  movement on th e  p a rt  o f  th e  former s p e c i e s .  T in k le  (1957)  
had su g g ested  th a t  a p a u c ity  o f  r e c a p tu r e s  might be ex p la in ed  by e x ­
t e n s i v e  movements. A lso  a s l i g h t l y  g r e a te r  p ercen ta g e  o f  N. e r y th ro g a s ter
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than N. rhom bifera found on the paved highways during road counts  
(Table XV) may lend support to g r e a te r  wandering te n d en c ies  on the  
p art o f  the former s p e c i e s .
Some authors have commented th a t  N. e r y th r o g a s te r  i s  the most 
common water snake in  Texas (S tr e c k e r ,  1915; Brown, 1950).  The p resen t  
study r e v e a le d  N. rhombifera to  be much more abundant than N. ery th ro -  
g a s te r  in  th e  areas  s tu d ied  in  Oklahoma. Diener (1957) found N. 
e r y th r o g a s te r  more abundant than N, rhom bifera in  Kansas, near the  
l i m i t s  o f  the range o f  both s p e c i e s .  I t  i s  probable th a t  both  
s p e c i e s  are  now more abundant than form er ly ,  due to the b u i ld in g ,  and 
s to c k in g  w ith  f i s h ,  o f  water impoundments. These impoundments a l s o  
p rov ide  b reed in g  p la c e s  fo r  am phibians, and h a b i t a t  for  c r a y f i s h .  I t  
i s  l i k e l y  th a t  both s p e c i e s  o f  N atr ix  are not o n ly  more abundant but 
are more w id e ly  and ev e n ly  d i s t r i b u t e d  than they  were a t  the turn o f  
the ce n tu ry .  V io sca  (1924) s t a t e d  th a t  "Both rhombifera and t a x i s p i l o t a  
have th e  same h a b i t s  and h a b i t a t s ,  th a t  i s  open water c o u r s e s ,  and 
t h e i r  d i s t r i b u t i o n  i s  c l o s e l y  a s s o c ia t e d  w ith  southern  c o a s t a l  r i v e r s ,  
rhom bifera ex ten d in g  in  range fa r th e r  in la n d  a long  th e  M i s s i s s ip p i  
V a l l e y . "
The d i f f e r e n c e s  between th e  g en er a l  e c o lo g i c a l  n ic h e s  o f  the  
diamond-backed w ater snake (N a tr ix  rh o m b ifera ) and the p l a i n - b e l l i e d  
water snake (N atr ix  e r y t h r o g a s t e r ) can be summarized in  th e  f o l lo w in g  
way. N atr ix  rhom bifera i s  p r im a r i ly  a f i s h - e a t i n g  snake, which tends  
to  be more a q u a t ic  than does N. e r y t h r o g a s t e r ■ This a q u a t ic  h a b i t  i s  
l o g i c a l  in  v iew  o f  the p i s c a t o r i a l  food h a b i t s  o f  t h i s  s p e c i e s -  The 
arb orea l  te n d e n c ie s  o f  N. rhom bifera may a l s o  be l in k ed  to  i t s  a q u a t ic
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h a b i t s  in  th a t  escape in to  th e  water i s  f a c i l i t a t e d  by a plunge from 
an overhanging t r e e  lim b. N a tr ix  e r y th r o g a s te r  e x h i b i t s  a lower tem­
p erature  to le r a n c e  fo r  a c t i v i t y  than does N. rhom bifera , which may 
ex p la in  in part the d i s t r i b u t i o n a l  d i f f e r e n c e s  in  th ese  two s p e c i e s ,  
the former ex ten d in g  fa r th e r  north  and w est  in  i t s  range than does  
the l a t t e r .
N a tr ix  e r y th r o g a s te r  e x h i b i t s  a food p re fere n c e  fo r  f r o g s ,  
and tends to  be more t e r r e s t r i a l  and more d iu rn a l  than does N. rh om b ifera . 
I t  may be th a t  N. e r y t h r o g a s t e r . b e ing  more t e r r e s t r i a l  than N. rhombi­
f e r a . would have g r e a te r  wandering te n d e n c ie s  than the l a t t e r .  Evidence  
fo r  t h i s ,  however, was s l i g h t .
These d i f f e r e n c e s  in  food  p r e fe r e n c e ,  temperature to le r a n c e  
and in  a q u a t ic  te n d e n c ie s  appear s i g n i f i c a n t  and s u f f i c i e n t  in  s e p a r a t ­
in g  e c o l o g i c a l l y  th e s e  two sym patric w ater snakes in  Oklahoma.
LITERATURE CITED
A nderson, P. 1965. The r e p t i l e s  o f  M is so u r i .  Univ. M isso u r i  P r e s s ,  
Columbia. 330 p.
B e tz ,  T. W- 1963. The g ro ss  o v a r ia n  morphology o f  the diamond-backed  
w ater snake, N a tr ix  rh o m b ifera , during the re p r o d u c t iv e  c y c l e .  
Copeia 1 9 6 3 (4 ) :  692-697 .
Blanchard, F. N . , and E. B. F i n s t e r .  1933. A method o f  marking l i v i n g  
snakes fo r  fu tu r e  r e c o g n i t i o n ,  w ith  a d i s c u s s i o n  o f  some prob­
lems and r e s u l t s .  E c o l .  1 4 :3 3 4 -3 4 7 .
Bowers, J .  H. 1966. Food h a b i t s  o f  th e  diamond-backed water snake,
N a tr ix  rhom bifera rh o m b ifer a , in  Bowie and Red R iver C ou n ties ,  
T exas .  Herp. 2 2 ( 3 ) : 2 2 5 - 2 2 9 .
B ra tts tro m , B. H. 1965. Body tem peratures o f  r e p t i l e s .  Amer. Midi. 
Natur. 7 3 (2 ) :3 7 6 -4 2 2 .
Brown, B. C. 1950. An an notated  check  l i s t  o f  the r e p t i l e s  and 
amphibians o f  T ex a s .  Baylor U niv . P r e s s ,  Waco. 259 p.
Burghardt, G. M. 1968. Chemical p r e fe r e n c e  s t u d ie s  on newborn snakes  
o f  th ree  sym patr ic  s p e c i e s  o f  N a t r i x . Copeia 1968 (4 ) :7 3 2 -7 3 7 .
B u rk e tt ,  R. D. 1966. N atura l h i s t o r y  o f  the cottonmouth m occasin ,
A gk is trod on  p i s c i v o r u s . ( R e p t i l i a ) .  U niv . Kansas P u b l . ,  Mus. 
N at. H is t .  1 7 (9 ) :4 3 5 - 4 9 1 .
C agle ,  F. R. 1937. N otes on N a tr ix  rhom bifera  as observed a t  
R e e l fo o t  Lake. J .  T en n essee  Acad. S c i .  1 2 ( 2 ) :1 7 9 -1 8 5 .
_______^..1942. H e r p e t o lo g ic a l  fauna o f  Jackson and Union C o u n ties ,
I l l i n o i s .  Amer. M id i.  Natur. 2 8 ( 1 ) :164-200 .
C arpenter, C. C. 1952a. Comparative e c o lo g y  o f  th e  common g a r ter  snake  
(Thamnophis _s. s i r t a l i s ) ,  th e  ribbon snake (Thamnophis _s. 
s a u r i t u s ) ,  and B u t l e r ’ s g a r t e r  snake (Thamnophis b u t l e r i ) in  
mixed p o p u la t io n s .  E c o l .  Monogr. 2 2 :2 3 5 -2 5 8 .
_______ . 1952b. Growth and m a tu r ity  o f  the th ree  s p e c i e s  o f  Thamnophis
in  Michigan. Copeia 1 9 5 2 ( 4 ) :2 3 7 -2 4 3 .
75
76
_______ . 1953a. W eigh t- len gth  r e la t io n s h ip  o f  Michigan g a r ter  anakes.
Michigan Acad. S c i . ,  A r ts  and L et .  38 :14 7 -1 5 0 .
_______ . 1953b. An e c o lo g i c a l  survey o f  th e  herpetofauna  o f  the Grand
Teton -  Jackson Hole area o f  Wyoming. Copeia 1 9 5 3 (3 ) :  170-174.
 . 1958. R eproduction, young, e g g s ,  and food o f  Oklahoma snakes.
Herp. 1 4 (2 ) :1 1 3 -1 1 5 .
Carr, A. 1940. A c o n tr ib u t io n  to the h erp eto lo g y  o f  F lo r id a .  Univ. 
F lo r id a  P u b l . ,  B io l .  S c i .  Ser. I l l  ( 1 ) .
C liburn , J .  W. 1956. The taxonomic r e l a t i o n s  o f  th e  water snakes  
N atr ix  t a x i s p i l o t a  and rh om bifera . Herp. 12:198-200 .
Conant, R. 1934. The r e d - b e l l i e d  water snake, N a tr ix  s ipedon ery th ro - 
g a s te r  F orster  in  Ohio. Ohio J .  S c i .  3 4 ( l ) ; 2 1 - 3 0 .
_______ . 1938. The r e p t i l e s  o f  Ohio. Amer. Midi. Natur. 2 0 ( 1 ) : 1 -2 0 0 .
_______. 1949. Two new ra c es  o f  N atr ix  e r y t h r o g a s t e r . Copeia 1 949(1 ):
1 -1 5 .
_______ . 1955. Notes on N a tr ix  e r y th r o g a s te r  from the e a s t e r n  and
w estern  extrem es o f  i t s  range. Chi. Acad. S c i .  Nat. H is t .
Misc. ( 1 4 7 ) :1 -3 .
_______. 1958. A f i e l d  gu ide to  the r e p t i l e s  and amphibians o f  the
United S ta te s  and Canada e a s t  o f  th e  100th m erid ian . Houghton 
M i f f l i n  Co., Boston. 366 p.
_______. ,and R. G. Hudson. 1949. L ongev ity  reco rd s  fo r  r e p t i l e s  and
amphibians in  th e  P h i la d e lp h ia  Z o o lo g ic a l  Garden. Herp. 5 :1 -8 .
D iener , R. A. 1957. An e c o lo g i c a l  study o f  the p l a i n - b e l l i e d  water  
snake. Herp. 13:203-211 .
E lto n ,  C. 1939. Animal e c o lo g y .  The MacMillan C . , New York. 209 p.
Evans, P. D. 1942. A method o f  f i s h i n g  used by water sn akes .  Chi. 
Natur. 5 ( 3 ) :5 3 -5 5 .
F ic k e s s ,  D. R. 1962. Adrenal respon se  o f  the diamond-back water snake 
(N atr ix  rhom bifera) to  s t r e s s .  Herp. 1 8 ( 4 ) :2 5 0 -2 5 3 .
F i tc h ,  H. S. 1949. Study o f  snake p o p u la t io n s  in  c e n t r a l  C a l i fo r n ia .  
Amer. Midi. Natur. 4 1 :5 1 3 -5 7 9 .
_______. 1960. A uteco logy  o f  th e  copperhead. Univ. Kansas Publ. Mus.
Nat. H is t .  1 3 :85 -288 .
77
_______ . 1963a. N atural h i s t o r y  o f  the racer  Coluber c o n s t r i c t o r . Univ.
Kansas Publ. Mus. Nat. H i s t .  15:351-468 .
_______. 1963b. Natural h i s t o r y  o f  the b la ck  r a t  snake (Elaphe £ .  o b s o le t a )
in  Kansas. Copeia 1 9 6 3 (4 ) ;6 4 9 -6 5 8 .
_______ . 1965. An e c o lo g i c a l  study o f  the g a r ter  snake, Thamnophis
s i r t a l i s . Univ. Kansas Publ. Mus. Nat. H is t .  15:493-564 .
Flower, S. S. 1925. C on tr ib u tions  to  our knowledge o f  the duration
o f  l i f e  in  v e r te b r a t e  an im als .  I I I .  R e p t i l e s .  Proc. Z o o l . Soc. 
Lond. 1925, 2 :9 1 1 -9 8 1 .
F ra n k lin ,  M. A. 1944. Notes on the young o f  the brown water snake.
Copeia 1 9 4 4 (4 ) :2 5 0 .
Fukada, H. 1959. B io lo g ic a l  s tu d ie s  on the snakes VI. Growth and 
m aturity  o f  N atrix  t i g r i n a  t i g r i n a  (B o ie ) .  B u l l .  Kyota  
Gakugei U n iv . , Ser. B (1 5 ) ;2 5 -4 1 .
_______ . 1960. B io lo g i c a l  s t u d ie s  on the snakes V II .  Growth and m aturity
o f  Elaphe q u a d r iv irg a ta  ( B o ie ) .  B u l l .  Kyoto Gakugei U n iv . ,
Ser. B (1 6 ) :6 -2 1 .
_______ . 1961. B io lo g ic a l  s t u d ie s  on th e  snakes V III .  On the growth
formulae o f  snakes and t h e i r  a p p l ic a t io n s  to o th er  r e p t i l e s .
B u l l ,  Kyoto Gakugei Univ. S er .  B ( 1 7 ) : 16-40.
Gause, G. F. 1934. The s tr u g g le  fo r  e x i s t e n c e .  The W illiam s and W ilkins  
Co., B a lt im ore .  163 p.
Greding, E. J .  J r .  1964. Food o f  N atr ix  in  Hunt County, Texas.
Southwest. Natur. 9 (3 ) : 2 0 6 .
Guidry, E. V. 1953. H e r p e to lo g ic a l  n o te s  from so u th ea s ter n  Texas.
Herp. 9 ( l ) : 4 9 - 5 6 .
Hardin, G. 1960. The c o m p e t i t iv e  e x c lu s io n  p r i n c i p l e .  S c i .  131:1292-  
1297.
Heyrend, F. L . , and A. C a l l .  1951. Growth and age in  w estern  s tr ip e d  
racer and the Great Basin r a t t l e s n a k e .  Herp. 7 ( l ) : 2 8 - 4 0 .
H urter , J ,  1911. H erpeto logy o f  M isso u r i .  Trans. S t .  Louis Acad. S c i .  
2 0 (5 ) ;5 9 -2 7 4 .
Kennedy, J .  P. 1964. Natural h i s t o r y  n o te s  on some snakes o f  e a s t e r n  
Texas. Texas J .  S c i .  1 6 ( 2 ) :210-215.
78
Klauber, L. M. 1956. R a t t le s n a k e s ;  T heir  h a b i t s ,  l i f e  h i s t o r i e s ,  and 
in f lu e n c e  on mankind. Univ. C a l i fo r n ia  P r e s s ,  B erk eley  and 
Los A n g e le s .  2 v o l . ,  1476 p.
L au gh lin ,  H. E. 1959. Stomach c o n te n ts  o f  some a q u a t ic  snakes from 
Lake M cA lester , P i t t s b u r g  County, Oklahoma. Texas J .  S c i .  
l l ( l ) : 8 3 - 8 5 .
MeGrew, W. C. I I I .  1963. Channel c a t f i s h  fe e d in g  on diamond-backed 
water sn a k es .  Copeia 1 9 6 3 (1 ) ;1 7 8 .
Martens, R. 1964, A lo n g e v i ty  record fo r  a hybrid  water snake. Herp, 
2 0 ( 2 ) :1 3 4 .
N e i l l ,  W. T. 1948. H ibern ation  o f  amphibians and r e p t i l e s  in  Richmond 
County, G eorgia . Herp. (4 ) .-107 -144 .
P er k in s ,  C. B. 1955. L o n gev ity  o f  snakes in  c a p t i v i t y  in  the United  
S t a t e s  as o f  January 1, 1955. Copiea 1 9 5 5 (3 ) :2 6 2 .
P i l l s t r o m ,  L. G. 1954. A d e v ic e  fo r  th e  c o l l e c t i o n  o f  amphibians and 
r e p t i l e s .  Herp. 10:180 .
P l a t t ,  D. R. 1969. N atura l h i s t o r y  o f  th e  hognose snakes Heterodon  
p la tv r h in o s  and heterondon n a s ic u s .  U niv. Kansas Publ. Mus.
Nat. H is t .  1 8 (4 ) ;2 5 3 -4 2 0 .
P re s to n ,  W. B. 1964. The importance o f  the f a c i a l  p i t  o f  the northern  
p a c i f i c  r a t t l e s n a k e  (C rota lu s  v i r i d i s  o reg a n u s) under n a tu ra l  
c o n d i t io n s  in  southern  B r i t i s h  Columbia. Unpubl. M. Sc. T h e s is ,  
U niv. B r i t i s h  Columbia, 64 p.
Raney, E. C. and R. M. Roecker. 1947. Food and growth o f  two s p e c ie s  
o f  water snakes from w estern  New York. Copeia 1947 ( 3 ) :171*174.
Rahn, H. 1942. The re p r o d u c t iv e  c y c le  o f  th e  p r a i r i e  r a t t l e r .  Copeia  
1942(4 )  :233 -  24 0.
Raun, G. G. 1965. A gu id e  to  Texas sn akes .  Museum N otes  No. 9. A 
p u b l ic a t io n  o f  th e  Texas Memorial Museum.
S ch a e fe r ,  W. H. 1934. D ia g n o s is  o f  sex  in  sn a k es .  Copeia 1 9 3 4 ( 4 ) :1 8 1 .
Shaw, C. E. 1962, L o n g ev ity  o f  snakes in  the United  S t a t e s  as o f  
January 1 , 1962. Copeia 1 9 6 2 ( 2 ) :438.
S is k ,  M. E . , and C. J .  McCoy. 1964. Stomach co n te n ts  o f  N atr ix  r .
rhom bifera ( R e p t i l i a ;  S e r p e n te s )  from an Oklahoma la k e .  Proc.  
Okla. Acad. S c i .  4 4 :6 8 -7 1 .
79
Smith, H. M. 1956. Handbook o f  amphibians and r e p t i l e s  o f  Kansas.
Univ. Kansas Mus. Nat. H i s t .  Misc. Publ. N. 9, 2nd Ed. 356 p.
_______ . ,  and E. H. T a y lo r .  1945. An annotated  c h e c k l i s t  and key to  th«
snakes o f  Mexico. Sm ithsonian I n s t i t u t i o n ,  U. S. N a t l .  Mus.
B u l l .  187. Wash. 239 p.
S te b b in s ,  R. C. 1966. A f i e l d  gu ide to w estern  r e p t i l e s  and amphibians.  
Houghton M i f f l i n  C o .,  Boston. 279 p.
S t i c k e l ,  W. H . , and J. B. Cope. 1947. The home range and wanderings o f  
snakes.  Copeia 1 9 47(2 )  :1 2 7 -1 3 7 .
S tr e c k e r ,  J .  K. 1915. R e p t i l e s  and amphibians o f  Texas. Baylor B u l l e t in  
1 8 (4 ) ,  Baylor U niv. P r e s s ,  Waco. 82 p.
_______ . 1927. O bservation s  on the  food h a b i t s  o f  Texas amphibians and
r e p t i l e s .  Copeia 1927 (162)  .•6-9.
T in k le ,  D. W. 1957. E co logy , m aturation  and rep ro d u ct io n  o f  Thamnophis 
s a u r i tu s  proxim us. E c o l .  3 8 :6 9 -7 7 .
_______ . and E. A. L in e r .  1955. Behavior o f  N atrix  in  a g g r e g a t io n s .
F ie ld  and Lab. 2 3 ( 3 - 4 ) : 8 4 - 8 7 .
V io s c a ,  P. J r .  1924. A c o n tr ib u t io n  to our knowledge o f  the water  
sn ak es .  Copeia 1924(126) : 3 - 13.
V o lsd e ,  H. 1944. S tru ctu r e  and s e a s o n a l  v a r ia t io n  o f  the male rep ro ­
d u c t iv e  organs in  V ipera  b eru s  (L . )  S p o l ia  Z oo l.  Mus. H auniensis  
V. R e p r in t . ,  Copenhagen, p . 1 -1 7 2 .
Woodbury, A. M. 1951. Symposium: A snake den in  T ooele  County, Utah.  
In tr o d u c t io n  -  A te n -y e a r  stu d y .  Herp. 7 ( 1 ) : 4 - 1 4 .
W right, A. H . , and A. A. W right. 1957. Handbook o f  snakes .  Comstock 
P u b l ish in g  A s s o c i a t e s ,  I th a c a .  2 v o l . ,  1105 p.
